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ABSTRACT 


The purpose of this series of studies was to 
determine, across a wide variety of experimental tasks, 
the nature of the movement information that was being 
used in a motor STM ‘PaLaeaqionm. There were Six. tactors 
of experimental interest: information load, axis of 
movement, recall delay, type of end point, method of 
movement and recall consistency. The experimental task 
involved subjects manipulating a freely moving joystick 
to*estabilish a number of positions, and to) reproduce 
them sometime later. The dependent variables were 
measures of absolute, directional and variability accuracy 


between the criterion and recall trials. 


The experimental design was a treatment by sub- 
jects, factorial design with repeated measures and five 
replications per subject. The basic statistical method 


used to analyse the data was analysis of variance. 


Te was Lound that: 

ls Unconstrained responses seemed to be based 
upon efferent information available to the performer, 
rather than the peripheral information that resulted from 


the movement. The central form of response information 
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was resistant to spontaneous decay and was usable for ac- 


curate multiple recalls. 


2. Constrained responses made to afferent kines- 
thetic information tended to be less accurate than those 


made from efferent information. 


3. Recall accuracy was an inverse function of 


memory load. 
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CHAPTER 1 
STATEMENT OF THE PROBLEM 
Introduction 


One approach to understanding how man performs 
physical skills is to consider him as a limited channel 
processor of information, made up of components which can 
describe his behavior within well defined limits (Fitts 
and Posner, 1967). This approach has been used success- 
fully for the prediction of human motor performance by 
analysing complex skills into functional units of known 
information loads. This task load is then considered in 
relation to the limitations of the sensory, processing, 
memory and effector components of the performer. The 
Capacity of the performer to handle the information load 
in the task can conveniently be guantified by the reduc- 


tion of uncertainty techniques provided by Information 


Theory. 

One important component that describes the "present 
state of the performer" is short term memory (STM). STM 
has»been described by Fitts and Posner (1967) as "... a 


system which loses information rapidly in the absence of 
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I, 
sustained attention," after which the information either 
goes into permanent store or is lost from the system. STM 
can be considered a buffer zone or work space where 
environmental stimuli (input) or information from long 
term memory (LTM) can either be held in an overflow 
mechanism, or until there is sufficient information upon 
which to act (Posner, 1967b). The STM paradigm has been 
extensively researched using verbal and/or visual inputs 


(Posner, 1963; Postman, 1964; Adams, 1967). 


More recently, researchers have used kinesthetic 
or movement-produced stimuli as input in STM paradigms in 
an attempt to discover common memory mechanisms between 
the kinesthetic and the visual/verbal systems (Posner and 
Konick, 1966; Posner, 1967a). The assumption basic to 
this extension of STM research into the motor domain is 
that the sensory information from the kinesthetic receptors 
was of sufficient fidelity and meaningfulness that it could 


actually be used by the performer of skills. 


Spurwous Conclusions tas to, the nature or motor 
memory could result if this assumption were not empirically 
verified. For example, the use of a movement system as a 
form of input and as the mode of output, along with instruc- 
tions to the performer to respond, tended to produce an 


ambiguous experimental paradigm. The experimenter could 
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not be certain whether the performer responded according to 
the input stimulus presented; or, independent of the 
stimulus to a set of responses that he was prepared to 
make at that time. Wilberg (1969b) stated that the move- 
ment dimension to which a subject attended, was at that 
time not known. Furthermore, the work of Taub and Berman 
(1968), in which all sources of sensory input were removed, 
demonstrated that animals could respond in complex motor 


routines in the absence of all peripheral information. 


A wide variety of movement tasks are required of 
the performer of physical skills in the physical education 
setting. Yet the STM research for movement inputs has 
restricted itself to simple replacement accuracy tasks of 
low information loads. Using this research, the charac- 
teristics of the memory capacity for movements could not 
be generalized to anything but the simplest of skills. 

In the same way, inferences from data on the capacity of 

a performer to remember a single consonant could not des- 
cribe the complexities of verbal behavior. The meaningful 
use of empirical findings necessitates the expansion of 


motor performance research into a broader frame of reference. 


Purpose 


The purpose of this series of studies was to sys- 
tematically vary a wide range of movement constraints in a 


STM paradign in an attempt to determine the nature of the 
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information used by the performer. 


Problems 


Experiment I: The length and complexity of 
presentation lists have been found to be important vari- 
ables in verbal/visual STM literature with most drastic 
performance changes evident when the memory capacity was 
exceeded (Posner, 1963). Length of movement (Pepper and 
Herman, 1970), as well as movement complexity for sub- 
memory. span, loads..(Sharp,, W971 Wilbeng wand Sharpy.1970)e, 
has been found to be an important factor in kinesthetic 
STM. In this study, a two-dimensional movement task, 
incorporatimg trom dows togvery. high intormetion,d oadss, 


was used in a STM paradigm with a standard delay interval. 


Experiment II: The question as to what information 
the performer has attended in a movement task has been dif- 
ficult to determine. Overlearned motor responses, instead 
of the experimental stimuli presented by the experimenter, 
could be utilized by the performer. In this study experi- 
menter-controlled movement patterns were used in an 
attempt to determine whether this type of information input 
varied recall accuracy across movement loads and delay of 


recall. 


Experiment III: The accuracy of recall in movement 
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5 
tasks would seem to be affected by the types of physical 
restraints limiting the criterion movement. A "centralist"” 
viewpoint in which the performer monitored central infor- 
mation, as presented by Taub and Berman (1968), would 
predict greater movement control for the recall of self- 
determined criterion movements than for recall of movements 
that were externally terminated. The orientation of the 
bulk of kinesthetic STM researchers who used simple re- 
placement accuracy tasks with physical stops could be 
classified as "peripheralist" in that the performers were 
believed to use kinesthetic sensory information. In this 
study comparisons were made across movement loads and 
between the recall of externally-terminated and self- 


terminated criterion movements. 


Experiments IV and V: The consideration that a 
subject in a kinesthetic STM experiment used a source of 
information other than that perceived peripherally might 
also be investigated by analysing the consistency of 
response(s) to an initial stimulus. Information from the 
periphery is usually considered to be susceptible to 
interference and decay (Pepper and Herman, 1970), while 
central LTM information is considered more resistant to 
forgetting (Konorski, 1967). In these studies response 
consistency to self-determined and environmentally- 


determined stimuli were examined across movement loads. 
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Definitions 


Short-term Memory (STM): "A system which loses 
information rapidly in the absence of sustained attention.. 
(involving) about the first sixty seconds after presenta- 
tion of a new stimulus... After that time, either the 
items are lost or they are transferred to a long-term 


memory~system”’—(fi-tts—and Posner, 1967). 


Kinesthesis (K): Operationally defined as that 
particular form of non-visual information generated by the 


gripping and moving of a joystick. 


Efferent Information: Information from the central 
nervous system to the motor effectors available to the 


performer. 


Afferent Information: Information from the peri- 
pheral nervous system from the sensory receptor available 


to the performer. 


Movement Alignment Components: One dimensional 
movement components of two dimensional movements in the 


Wig=trontal olane, (Poulton 91953). 


Absolute Error (AE): The average unsigned dif- 
ference in millimeters between a criterion movement trial 


and a recall movement trial. 
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Constant Error (CE): The average signed difference 


in millimeters between a criterion movement trial anda 


recall trial. 


Variable Error (VE): The average variability 


(standard deviation) about the constant error. 


Limitations of the Study 


The Study is limited by the ability of the 

Sub jeCtSm(os) tO LOllOw the prescribed iInstrucs 
tion for the duration of each experimental 
session. 

The study is limited because there are only 
indirect ways of determining what type of 


information the subject was attending to. 


Delimitations of the Study 


The study is delimited by the sex, number, 
sampling and ages of the Ss. 

The study is delimited by the accuracy and 
Tellapliicy or Lecording Of tie, analog data 


and transcribing the data to a digital form. 
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CHAPTER 2 
RELATED LITERATURE 


One of the strengths of human performance theory 
research is that it attempts to analyse performance vari- 
ables that explain phenomena which span a wide range of 
activities. Research that accomplishes this aim has been 
said by Wilberg (1969a) to have "theoretical meaningfulness," 
rather than “operational meaningfulness" which is unique 
only to each specific experimental situation. In this 
chapter relevant literature that applied directly to the 
research problem has been reviewed. There has also been 
an attempt to draw a thread through the kinesthetic STM 


literature in order to impart "theoretical meaningfulness" 


to this important component of human motor performance. 


The initial review concerned the distinction between 
a peripheralist and a centralist viewpoint with regard to 
monitoring of movement information. Studies relating to 
storage codes of movement and visual information followed 
directly. A rationale for the use of dependent variables 
sensitive to changes in motor memory was then outlined. 
The final section reviewed motor performance literature 


dealing with a variety of movement tasks. 
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The Péertpher alist Viewpoint 


The concept of man being a limited channel processor 
Of InlCOrMation, as Outlined by Fitts: and Posner (1967); 
States that the performer can transmit, reduce or create 
information. The bulk of human performance literature 
deals with the two former functions to the exclusion of the 
latter. In order that the operator transmit environmental 
information, it is necessary that this information is taken 
in through a sensory system, is operated upon by a central 
processor and is responded to by a motor output system. 
This approach could generally be referred to as a peri- 


pheralist view of the performer. 


STM research in the verbal and visual domains, by 
Eneritature Of the variables being studied, forced the 5 Co 
attend the incoming information in the stimulus. Posner 


(1963) outlined this position clearly: 


A large number of psychological tasks 
involve the presentation of sequential 
areorme ton cto the subject (S). In 
these tasks S is required to receive, 
process and store data for presentation 
ittsche response. if the task requires 
nearly complete representation of the 
stimulus in the response, then as the 
number of stimuli tobe, included in- 
creases or as the delay between stimulus 
and response gets longer, the memory 
requirement becomes a limiting factor 
in the correct completion of the task. 


The use of a STM paradigm for the processing of kinesthetic 
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1 COr ation Wace ere ore orem sed. by the sact sbhat the. S 
used the incoming information from the kinesthetic recep- 
tors. It became extremely difficult, however, to determine 
hos much serenresentation of the stimulus” the S used £0 
respond when both the input and the output portions of the 


paradigm were movements. 


Pepper and Herman (1970) presented a model of 
motor STM that integrated a great deal of divergent re- 
search in the area. The first assumption of their model 


of motor mmemory was stated: 


An accurate memory trace or representation 

of the intensity of extent of the criterion 
motor tadcteas“inatialady YStoreds* but! asS*sub= 

ject to decay over time. 


The consequences of such an assumption will be described 
subsequently, in the discussion of kinesthetic tasks. The 
fact that sensory information was accurately stored is 


basic to a peripheral point of view. 


The Centralist Viewpoint 


Central Representation of Movement: Recent con- 
Siderations of “response images" (Hebb, 1968) and "ideo- 
motor mechanisms" (Greenwald, 1970) as being mediators for 
the initWation and controljo moton behavior had been cut— 
lined, in, the nineteenth century .(James,, 1890). This area 


of research considered the output rather than the input 
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ted 
end of the information processing channel in the human 
performer. Response elaboration of often minimal information 
from the environment became a form of information creation 


Erom this orrentation. 


Konorski (1967) proposed a simple ideational unit 
OG GNOStiC;uUnIL tT. that was) basic’ to perception, cognition 
and overt performance. Perception of learned movements 
occurred by the activation of the kinesthetic gnostic unit 
complex, based on efferent rather than afferent information. 
This executive area of the motor cortex caused a lower ef- 
LOCEOD Genter to Lirenand carry Out athevaction.. An, impor— 
tant aspect of Konorski's model was that a higher associative 
center perceived and modulated the motor plan while a lower 


center routinely carried out the detailed action. 


Greenwald (1970) presented an "“ideo-motor mechanism," 
SiitlvalwtOnmnOnOrski- ss. Guostlo unlu, In Witch macentimal 
representation of the movement image was elicited by the 
anticipated sensory feedback of the response, rather than 
the afferent information itself. This could be considered 
a monitoring of the efferent information or of the outgoing 


motor plan. 


Taub and Berman (1968) substantiated the use of 
central monitoring devices of movement information in their 


research on completely deafferented animals. They stated: 
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Since the required information concerning 
the topology of their movements could not 
have been conveyed over peripheral path- 
ways, it must have been provided by some 
central mechanism that does not involve the 


participation of the peripheral nervous 
system. 


Their deafferented animals were still able to carry out 
complex motor functions in the absence of all sensory feed- 


back. 


Information Creation in Motor Performance: In the 
motor domain, the speculation of an information creation 
system may be useful, for, with a minimal information input, 
either from the periphery or from a higher central store, 
elaborate motor OUtpUL can result. Vanderwolrt (1909) pre— 
sented neurophysiological evidence that the initiation of 
voluntary movements had physiological concomitants in the 
rhythmical activity in the hippocampus, but the well 
patterned motor output that occurred after the initiation 
did not. Brindley (1964) pointed to this same phenomenon 
when he stated that instructions from the forebrain, even 
if elaborated as much as possible, could not give sufficient 
information to the anterior horn of the spine to carry out 
the movement. Similarly, Glickman and Schiff (1967) 
pointed out that the proper ordering and elicitation of 
the movements occurred in the neocortex, but the detailed 


patterning occurred in the non-conscious brain stem. 
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Storage Codes in STM 


Non-kinesthetic Tasks: The limited information 
processing capacity of the human performer prevents him 
From retaining, 1n e€lther LIM or STM, all aspects of 
environmental stimuli when the information load is high. 
Rather, thie inftormataonamustebe organized or coded along 
one of itsS prominent dimensions before it is stored. The 
experimental paradigm used to determine along which dimen- 
Sion coding takes place is one in which an interpolated 
task which is loaded along the relevant dimension is 
introduced between the criterion input trial and the recall 
trial. Interference with recall performance indicates that 
coding of the input occurred along the loaded dimension of 


the interpolated task. 


Conrad (1964), Wickelgren (1965, 1966) and Sperling 
(1967) showed verbal STM to be coded along the dimension of 
acoustic Similarity. Sperling systematically developed a 
STM model in which the verbal information could enter by 
Way Of the visual or acoustic system but was then rehearsed 
in an auditory store. Similarly, Baddeley (1964, 1966) 


showed that verbal LTM was coded along a semantic dimension. 


In the visual domain, memory for simple forms was 
Stated by Riley (1962) to be stored in the form of images 
while more complex visual input was shown by Haber (1964) 


to be most efficiently stored with verbal labels. Clarke 
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(1965) substantiated these findings by demonstrating the 
utility of storing complex forms by verbal labels and 
Simpler forms as images. This interaction of the verbal 
and visual systems suggests that the two dimensions may 
be modulated by similar memory mechanisms. Pepper and 
Herman (1970) stated that "...the description of the verbal 
STM may be generalizable to visual items...but not neces- 


Scrity "LO "moOvcor Items... 


Kinesthetic Tasks: In an attempt to discover 
common memory mechanisms between visual and kinesthetic 
STM systems, Posner and Konick (1966) discovered the re- 
verse. Interpolated tasks affected the visual and not 
the kinesthetic recall, although both systems spontaneously 
lost information through decay. A later study by Posner 
(1967a) confirmed the earlier findings and showed that 
different storage codes were involved in the visual and 
kinesthetic systems; the former being an active one and 
the latter being a passive one. Kinesthetic information 
was believed to be stored as an image rather than with 
verbal labels because of the spontaneous decay over the un- 
fi tiledinterval. “This indicated that the’ trace’ was an an 
unrehearsable form. The accuracy with which the responses 
were made also argued against the use of verbal labels. 
Similar findings were made by Boulter (1964) and by Adams 


and Dijkstra (1966). 
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In an attempt to discover along which dimension K 
information was coded, Wilberg and his associates completed 
a series of experiments varying the direction of replacement, 
ballistic pressure changes, constant weight loads, distance 
and constant torque in the common STM replacement paradigm 
(Hughes, 1969; McClements, 1969; Moyst, 1969; Wilberg, 
1969b, respectively). In no case was the null hypothesis 
rejected. It was suggested by Wilberg (1969b) that kines- 


thesis might be undecodable. 


Laabs (1971) extended Posner's (1967a) findings 
that visual and kinesthetic information was stored with 
different memory codes by separating confounding movement 
cues available to the performer. Differential recall of 
movements to locations in space and recall of movement 
distances occurred. Recall with reliable location cues 
showed similar interference effects to the recall of visual 
STM information in Posner's (1967a) study. Recall accuracy 
of movement distance was unaffected by interference effects. 
This latter finding was supported by Wilberg's (1969b) 
statement that the dimension along which kinesthesis is 


coded was not known. 


The above findings failed to determine the relevant 
dimension that kinesthesis was coded along if location cues 


were made unreliable. One conclusion that may have been 
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drawn was that the fidelity of distance information was 
not high and may not have been codable. This type of 
information therefore might not be stored in a STM system. 
In ne face of this type of experimental task, the per- 
former could revert to a centrally monitored response mode 


as outlined in an earlier section. 
Dependent Variables in Motor STM Research 


Filtts “and Posner (1967) pointed out that jin goal— 
oriented behavior the performer was often evaluated on "What 
he is doing" rather than on "What he is trying to do." The 
dependent variable or measure taken to evaluate performance 
must be well chosen if the nature of the investigation abst kee: 
evaluate purposeful behavior by positive performance mea-~ 


sures, rather than absolute performance by error scores. 


Early research in motor STM (Adams and Dijkstra, 
1966; Posner and Konick, 1966; Posner, 1967a) used algebraic 
error (AE) as a measurement of motor recall. Any discre- 
pancy from the criterion movement, regardless of the direc- 
tion or the consistency of the movement, was insensitively 


classified as an errorful performance. 


Pepper and Herman's (1970) review article on motor 
STM resolved contradictory findings by selecting a dependent 


variable that was more sensitive to performance changes. 


ton Hin 


taqxe to i sae 


ees 5 od ee ‘biveo": 


i 
<fsop wi gedd duo bedatog (Tdel) 1r9n209 Bas 29914 suey | 
tenW” to badeolsve Resto Rew semiclz5q edz vorvetied bssasiio ' iM 
| | an 
adr *.ob o3 patys.ei sf ganw" no spili tefidex “patob ef aan 
gonsmxbt13q. sihulsve od 6453 siwesom Io olde tasy tnebasgey | 
ot af sshd < naciee Gelade ed¢ 30 etetba cra t4 nseodd> tioy od os 


-s5m sontemao ied ayidteog yd toivensd: iatenogwa sheiouamadet rw 


_2e103e toluxe ‘Vd Ssanaumioissq stuloeds nects teitisr peak ive ; 
~S2tg2x71G Bas emsbA) MTG sox0m nt dotsoes1 yaad ait 
Sierdeple seu (eVeei ,sane0d ¢93"i ,doinod Bas vom26t yeaeI 7 

“stneth yn .fissea1 socom to snecaivassm S es (GA) J6t26" fia 
-Setib Sdi lo eeoliraper \dromovonm noixstizo sid movk yored) || 
yisvisrensant ahw ,ditamsvom sii to yonsteienos eddy X16 ners” 

“SONBMIOtIeg IviTOTYp Ms ‘as belttweeto” 
“tedom Ao ottot+s6 mails (OF@L) a nomish Bes xaqqe9 


stobadqeb 6 Bnisootos vd epntbril yrototneaines bevioesy Mite! 5 
sapisits, opnemiotweq oF Svisiense aa derlt otdsiing” 


; 


; - ae : wet Oo 7 . oo a ‘a ‘aan 


1, 
The use of constant error (CE) or signed error, allowed them 
to.rectify conflicting findings with regard to memory trace 
decay and the effect of interpolated tasks. Measures of CE 
were sensitive, not only to the magnitude of discrepancies 
from Lie crprerion movement, bout also to the direction of 
these discrepancies. This gave a measure of the performer's 


"response biases." 


Laabs (1971) demonstrated that the use of CE or AE 
scores alone could mask real changes in motor performance. 
He proposed the use of variable error (VE) scores which in- 
dicated the consistency of the CE scores. Laabs pointed 
out that when the variability of AE is small the following 
relationship is true: 


AE = \f (CE)* + (VE)? 


If only AE were used as a dependent variable, inverse changes 
in both CE and VE would show no net change. The use of CE 
alone, without the use of VE, could also lead to false con- 
clusions because the performer may be more variable in his 
responses while the CE did not change. Similarly, a change 
inwCE and no change in VE would point to experimental 

effects that could not be tested with less sensitive mea- 


sures. 
Motor STM and Movement Tasks 


The type and quality of information used by the 
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performer to reproduce movements cannot be determined 
unless a wide variety of movement tasks are investigated. 
In this section, the literature on a number of movement 


dimensions was reviewed. 


Kinesthetic Load: The bulk of kinesthetic STM 
literature, a simple replacement accuracy task, involving 
either moving a linear slide (Stelmach, 1969, 1970) or 
rotating a handle (Norrie, 1968; Wilberg, 1969b) was used. 
Pepper and Herman (1970) found that the length of the 
movement task was critical to the selection of response 


strategies. 


Wiiberg and Sharp (1970) ‘and Sharp (1971) investi-— 
gated kinesthetic STM using a 2-dimensional movement task 
£0 which ane vsntOormatiOneload. could be varied.) sTheminror— 
mation load, as Berined by the number of movements to be 
remembered, was shown to cause a linear increase in the 
absolute error measures up to 8 movements. According to 
Miller's (1956) findings, the memory span across most 
dimensions is consistent at about 7 plus or minus 2 items. 
The above studies seemed, therefore, to have investigated 
movements within the range of the memory span. Although 
list length has been shown to be an important variable in 
verbal STM (McLane and Hoag, 1943; Anderson, 1960), supra- 


memory span loads have not been used in movement research. 
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End Point Control: Most kinesthetic STM research 
has used a physical stop to control the extent of the cri- 
terion movement (Posner, 1967a; Stelmach, 1969, 1970). 
Given that a performer can use the kinesthetic sensory 
information from a movement task, there would be no dif- 
ference between the use of a physical end point or a 
self-terminated stop. Wilberg (1971), using absolute 
error as a dependent variable and a simple replacement 
accuracy task, found no difference in recall between the 
use of a physical stop, a self-terminated stop and stopping 


touaetone. tor the cCriterionstriial. 


Merton (1964) and Taub and Berman (1968), who 
reported accurate central monitoring of movement sequences, 
would predict that self-terminated criterion movements 
would be recalled more accurately than movements that were 


externally stopped. 


Movement Consistency: Adams and Dijkstra (1966) 
found that the number of previous criterion responses made 
to an external stop was an important factor in maintaining 


an accurate response in a simple replacement accuracy task. 


Stelmach and Bassin (1971) used a handle rotating 
task with the interpolated task being five rehearsal trials 
without the use of a physical stop. Increased overshooting 


at recall was found with the interpolated rehearsal, in com- 
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parison to recall after a rest. It was also found that the 
variability of the recall scores for the larger angles de- 
creased with the repeated recalls, but the overall accuracy 
of the recall scores was less than recall in the control 


Condition: 


Pepper and Herman (1970) stated that the use of an 
interpolated task caused increased muscle tension which 
resulted in overshooting in the recall trial. They based 
their argument on the fact that the actual response trace 
from the criterion trial was being attended to and that this 
trace became augmented by the increase in muscle tension. 
Repeated recall of a criterion movement would presumably 
cause repeated overshooting, as was found by Stelmach and 


Bassin (1971). 
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CHAPTER 3 
METHODS AND PROCEDURES 


The variables and levels of each variable in the 
experiments in this research series were contingent upon 
the findings of the preceeding experiment(s). Since the 
area of motor STM has not yet been systematically investi- 
gated over a wide range of variables, the research was 
necessarily exploratory in nature. In the first section 
of this chapter the general methodology has been outlined, 


followed by the procedures of the individual experiments. 
Apparatus 


The movement apparatus used in these experiments 
was a joystick with an effective radius of 13 inches, de- 
Signed to move in 2 dimensions within a range of 60° either 
Side of a vertical axis. The axes of movement were the 
shafts of 2 potentiometers fixed at right angles to one 
another. The electric potential was provided by an Electro 
Filter D.C. Power supply, Model NFBR. The potential drop 
across each potentiometer caused by joystick movement was 
translated via a potential divider arrangement to a Honey- 


well 540 X-Y-Y' Recorder. The recorder was patched so that 
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the alignment (X) and compensation (Y) components of the 
movement would be graphically traced across a time base at 
-05 centimeters per second (Figure 4). This provided an 
economy in the inter-trial time intervals that was unavail- 
able with conventional X-Y plets 4) ihe Subject (S), while 
Sitting, was able to move the joystick in all directions in 
the horizontal plane (Figure 1). The information load was 
then varied by requiring the § to Recali-escer: aingnumervsor 


locations within this movement range. 


To initiate the input phase oigeach trial an, ECO 
Model 377 Auditory Tone Generator connected to a Bogen 
"Challenger" Model CHB20A Amplifier was activated. The 
S was provided with a set Gemlelex Model St-20ystere. 
Headphones with which he heard the tone. One-way communi- 
Gatton between the S and the experimenter (E) was made by 
using an Electrovoice Model 644 Microphone, the headphones 
ane soempilititem-speaker Circuits. The Ss remained jalone in 
the experi mentaleroom whilevehe viewed thews through a 
one-way mirror and monitored the data from outside of the 


experimental room (Figure 3). 
General Procedure 


Bacheeawas individually, testedjrom each of the 
experiments and received verbal instructions prior to the 


testincwm rachis sremainedsseated invaycomtamtable chair 
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FIGURE 1 VIEW OF SUBJECT AND & 
JOYSTICK APPARATUS 
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FIGURE 2 VIEW OF JOYSTICK APPARATUS WITH TEMPLATE 
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FIGURE 4 VIEW OF X-Y-Y' RECORDINGS ALONG TIME BASE 
FOR CALIBRATION AND THREE INPUT AND RECALL TRIALS 
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thmouggout ithe entire experiment. The S was instructed to 
remove his shirt to prevent excessive use of tactile cues. 
The apparatus was situated” to the S's right’ in such” a-way 
that he could move the joystick freely within its entire 
range. “ihe s Was InStrucved prio. CO eacn™sessten as Lo 


the particular nature of that experiment. 


The following events constituted a single trial. 
The=s-was-teled—the-nature of that particular trial. Upon 
hearing the tone the S held the Joystick and began moving 
it in a series of linear movements at 1 second intervals 
to the beat of a mechanical metronome, changing direction 
after each movement for the required number of movements. 
Following completion of this input or criterion phase, 
they eed eri tor the required time interval with: his hand 
on the joystick in the null position until another tone 
SeOundSd (Tie 5 upon hearingg the tone, attempted to recall 
and reproduce the movements of the input trial. The joy- 
stick was then returned to the null position. In all 
experiments the SS were instructed tro continues irovitig the 
joystick the required number of movements in the event that 


they forgot portions of the movement sequence 


The order of trial presentation was independently 
determined by sampling without replacement from Fisher and 


Yates (1948) random number tables. 
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Subjects 


Twelve male physical education undergraduate and 
graduate students, ages 19 to 26, were chosen from the 
University of Alberta population. The selection was made 
upon the students' availability and freedom from any ap- 


parent physical handicaps. 
Dependent Variables 


Measurements of alignment and compensation accuracy 
were derived from the output on the X-Y-Y' recorder. 
Statistical analyses between these 2 planes have failed 
to reject the null hypothesis (Wilberg and Sharp, 1970; 
Sharp, 1971). The results of Experiment I would be ana- 
lysed using both movement components and if no interaction 
between movement load and movement axis occurred, the rest 
of the experiments would be conducted using recordings 


in a single axis on 1 channel of the recorder. 


The measurement of motor performance proceeded by 
using mean absolute or unsigned measures of error (AE), 
measures of constant or signed error (CE), as well as the 
mean variability about CE, or variable error (VE). The 
raw error scores were divided by the number of movements 
performed to arrive at the error per movement for each 


dependent variable. The use of CE and VE could be con- 
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Sidered dependent variables reflecting positive performance, 
rather than AE which reflected negative performance or what 
thess farled to do. |) Thesinterrelationship among these 


3 types of errors has been outlined by Laabs (1971). 


Experimental Design 


The experimental design was a treatment by subjects, 
factorial design with repeated measures and 5 replications 
LOM Cache setie levelseotatie Main lertects| were deliberate— 
ese lectcdsby thesl mandectese were considered siixed 
factors. The effects of replications and subjects were 
considered random effects and for this reason a mixed model 


was assumed. 


Experiment I: Generally, the research vehicle used 
in motor STM has been a simple replacement accuracy task. 
Consequently, the memory load, or number of items to be 
remembered, was very low in comparison to the memory span 
studies in verbal STM cited by Postman (1964). Only 2 
studies in the motor domain have loaded the K STM system 
by using 2-dimensional joystick movement task (Wilberg and 
Sharp, 1970; Sharp, 1971). The kinesthetic load* was in- 
creased threefold, yet the variability about the absolute 
mean for high loading did not differ from the lower infor- 
mation loadings, indicating that the Ss were still working 
*The concept of information load,in this context,referred to 
the number of movements that the S had to remember. The mea- 


surement of information has been outlined by Miller (1956) 
and Attneave (1959). 
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within their memory span. 


The purpose of this experiment was to load the K 
STM system to determine how much information could be held 
for immediate recall, as well as recall after an unfilled 
20 second interval. The use of an interval of 20 seconds 
was arbitrary and was merely to investigate systematic 
effects between loading and delay intervals. A subsidiary 
problem would be the determination of whether the dependent 
variables taken in the mid-frontal and medial planes (align- 


ment and compensation) interacted with movement load. 


The experimental design used was a 5 x 2 treatment 
by subjects repeated measures design with 5 replications on 
all factors. Information load was the first factor with 5 
levels of 2, 4, 8, 10 and 12 movements. Time delay was the 
second factor, with 2 levels of immediate recall and recall 
after a 20 second rest. Twelve movements were chosen be- 
cause it was believed that this load could not be remembered. 
Miller (1956) determined that the probability of maintaining 
9 to 10 errorless categories in memory across any dimension 
was unlikely. The 20 second delay period was chosen as a 


representative delay often found in the literature. 


Experiment II; The main question of importance in 
this investigation was the determination of the type of 


information the S was using in K STM tasks. The procedure 
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29 
in Experiment I, which allowed the S to move of 
his own accord, could conceivably allow him to attend to a 
central representation of the movement, rather than af- 
ferent information from the moving limbs. Consequently, 
the main concern in this section of the experiment was the 
eVvALUpELOMmiot gaeS)' sy jabalitygto eneproduce, movements; (im- 
mediately and after a delay) that were in fact random and 


not "preprogrammed" by the S. 


The experimental design was a 3 x 2 treatment by 
subjects, repeated measures design with 5 replications on 
aliptactors.. Information Load was the first factor with 3 
levels of 2, 4, and 8 movements and the second factor was 
time delay with 2 levels of immediate recall and recall 
after a 20 second rest. On all trials the input movements 
were performed according to the visual stimulus given by 


Bie eae descr 1bed) below. 


The first factor of information load was selected 
at 3 levels of 2, 4 and 8 movements as a result of findings 
in Experiment I. The second factor of recall delay was 
chosen at 2 levels of immediate recall and recall after a 
20 ssecond rest. The 2 levels of delay were again chosen for 
diagnostic purposes only and the time periods had no speci- 


fic theoretical relevance. 


The same general experimental procedure was followed 
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30 
except that the S no longer moved "randomly" on his own, 
but moved according to visual stimuli presented by 
thetite S FRoum identicalasebshofe20i 20 x20 blacks and white 
photographic slides were constructed, showing a circular 
field with a single notch in the perimeter which corres- 
ponded to the area of movement of the joystick apparatus 
and the "null" position, respectively. Within different 
areas of the field, on each of the 20 slides, was a small 
Dlackedct.| The Ss were wnstructed toomove the joystick to 
the corresponding area in the circular movement field of 
thewapearatue., The KH presented a di tierent silrde’ each 
second for a period of 1 second on the wall in front of the 
Ss bye means Of a Kodak Carousel 800 Projector. The’ 80: siides 
were so arranged that the dot changed positions in a random 
Manner about the whole area of the circular visual field. 
Prior to théecrbterionstriialh the S awas told how »many slides 
he was to receive. After the required number of slides had 
beemepresented: theysprojectonawas ~turned off,,.the.S returned 
the joystick to the null position and awaited the tone to 
regakkratwaen the tone sounded the, S.attemptedsto,recali as 
best he could the movements he had made on the criterion 


tr pak. 


Experiment IIIf: ‘The question of interest in this 
investigation was to evaluate the quality of movement in- 


formation) gained by using a physical. stop to terminate 
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criterion movements, rather than allowing the S to termi- 
nate the movement willfully. If, in motor memory tasks, 
the S used peripheral information, the use of a physical 
stop or a self-controlled stop on the input trial would 
provide the same amount of movement information and no 
differences in recall should occur. But if central moni- 
toring of information was important, self-terminated 


criterion movements would be best recalled. 


The experimental design used was a 3 x 2 treatment 
by subjects repeated measures design with 5 replications on 
all factors. The first factor was information load with 3 
levels of 2, 4 and 8 movements, and the second factor was 
the type of end point with 2 levels of self-terminated 


(free) end point and physical (templated) end point. 


The free condition was identical to the non-delay 
condition for up to 8 movements in Experiment I. Before 
starting the templated condition, the S secured an irregu- 
larly shaped hinged template over the movement area of the 
apparatus. The S followed the general procedure described 
earlier, except that each change in direction could be made 
only after reaching a padded irregular edge of the template. 
Having completed the required number of movements and having 
returned the joystick to the null position, the S touched a 
button on the apparatus that released the counter-balanced 


template, allowing it to swing away (Figure 2). Once the 
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Be 
template was*cleared’the EBesounded=the tone and the S$ 
attempted to reproduce the movement without the aid of the 
template. The experiment proceeded so that the templated 


trial was alternated with a tree trial. 


Experiments IV and V: The question of experimental 
interest in these investigations was the determination of 
the oS response consistency when the: method of movement in- 
put was varied. For example, self-controlled movements and 
experimenter-controlled movements may require the S to 
attend to different sources of information, i.e., central 
versus peripheral, which may differ in fidelity or meaning- 
fulness. The response consistency under these conditions 


was to be observed. 


The experimental designs used were 3 x 2 x 2 treat- 

ment by subjects, repeated measures deSigns, with 5 
replicationseonsalletactors yew int ormationm Leadjwas ene first 
factor with 3 levels of 2, 4 and 8 movements; method of 
movement input was the second factor with 2 levels of self- 
determined movement (free) and experimenter-determined move~ 
ment (slides) and number of recall trials was the third 
factor with 2 and 4 recall trials for Experiment IV and 


Experiment V, respectively. 


The procedures for the experiments were identical 


to those described above in Experiments I and II, except that 
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insExXperiment. 1V,.arter. two, .10 second rest, intezvals,. the 
oerccal Ledetnevcri teriongipial twice. »Inp-experiment, V,.4 


recalls were made after four 5 second intervals. 
Apparatus Calibration 


For a period of 1 week prior to the experimentation, 
Standard calibration recordings were taken from the X and Y 
axes at four 15 minute periods and compared. During the 
experimentation, bute prion to the first trial, the Semade a 
standard calibration movement around the edge of the move- 
ment area and results of these calibrations were analysed 
(Figure 4). No significant differences occurred throughout 
the experiment between subjects or between experiments 


(Appendix F, Tables 45 and 46). 
Statistical Analysis 


The data for each analysis were analysed using 3 
analyses of variance for absolute error, constant error and 
variable error. Newman-Keuls Test was used as a test 
between means for the significant main effects. Analysis 
of variance techniques were used to analyse any simple main 
effects for significant interactions. The use of 5 repli- 
Cations per cell vallowed@the ss Ss variability about) his 
constant error to be calculated. By treating replications 


as a factor, any fatigue or learning effects throughout the 
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course of the experiment could be determined. Paull's (1950) 
pooling criterion was used to determine the best estimate of 


experimental error to test the main effects. 


A conservative level of rejection was chosen 

(alpha = .01) to decrease the probability of making a Type 
PRCUrOD Ol LiLs \xolorpacotyestucays, lie Use OL ay Lepeated 
nNeasures design providederorsceach 5) €O tact. .as) his) own cont 
rol, thus decreasing the within treatment variance. Since 
this procedure also increased the probability of treatment 
effects being correlated, the Greenhouse and Geisser (1959) 
conservative degrees of freedom were used in the preliminary 


analyses to evaluate heterogeneity of covariance. 
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CHAPTER 4 
ANALYSIS 


In repeated measures designs, the conventional F 
ratios for tests involving the repeated measures will have 
the F distribution only if all pairs of repeated measures 
have equal covariances (Wilson, 1971). In this series of 
investigations preliminary analyses using the Greenhouse 
and Geisser (1959) conservative degrees of freedom were 
used to test the validity of the covariance assumption. 
Based BpOnnehe results of these analyses, the power of the 
primary analyses were determined. The conclusions were 
drawn upon the primary analyses which followed, using con- 


ventional degrees of freedom. 
Experiment I 
Hypotheses 


Three hypotheses were formulated in accordance with 


the related literature: 


H,: Errors for 2 movements <_ Errors for 4 
movements < Errors for 8 movements < Errors 
for 10 movements < Errors for 12 movements 
for absolute, constant and variable error 
scores, 
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36 
HS" =Errors forsimmediate recall =\Errors for 
recall after 20 seconds for absolute, 
constant and variable error scores. 
Hj: Errors for alignment = Errors’ for compensa- 
tion for absolute, constant and variable 
error scores. 

In the first hypothesis, recall performance was 
considered to be inversely related to information load, or 
the number of movements to be remembered. Anderson (1960) 
Gemonseraccd that thicshnypornes is was not rejected an ver 
bal STM, while Wilberg and Sharp (1970) and Sharp (1971) 
substantiated this hypothesis using this same movement 
apparatus and sub-memory span loads. Specific hypotheses 
regarding the effect of supra-memory span loads were not 


Stated because the type On Information usedsby the Sseto 


respond was not clearly known. 


The second hypothesis was formed to demonstrate that 
recall performance would be the same for immediate recall 
and recall after an unfilled interval of 20 seconds. Sharp 
(1971). found no performancesdecrement® abten ays) second rest 
using the same apparatus. This hypothesis was contrary to 
that proposed by Pepper and Herman (1970) who stated that 
the memory trace would decay spontaneously unless overtly 


rehearsed. 


With the third hypothesis, it was intended to demon- 


strate that alignment and compensation scores would not differ 
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37 
in recall accuracy. Siddal, Holding and Draper (1957) 
found that the Ss were equally accurate in both the mid- 
frontal and medial planes. Sharp (1971) confirmed these 
results at the 0.05 level of confidence, but not at the 


0.01 level of confidence. 
Results 


Preliminary Analysis: Three 3-way analyses of 
variance, uSing the Greenhouse and Geisser (1959) conserva- 
tive degrees of freedom, were carried out on the absolute, 
constant and variable error scores as the dependent 
variables (Appendix A, Tables 16, 17 and 18 respectively). 
The null hypothesis was not rejected using the conservative 


tests for any independent variable in the 3 analyses. 


Primary Analysis: Two 5-way analyses of variance 
and a 4-way analysis of variance, uSing conventional degrees 
of freedom, were carried out with the absolute, constant 
and variable error scores (Tables 1, 2 and 3 respectively). 
A pooling procedure after Paull (1950) was used to determine 
the best estimate of experimental error to test these main 
effects. In all 3 analyses, the main effect of information 
load or number of movements to be remembered and the effect 
of subjects were significant beyond the 0.01 level of confi- 
dence. The main effect of recall delay was not significant 


at the 0.01 level of confidence for absolute, constant or 
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variable error. The main effects of movement axis (compen- 
sation and alignment) were found significant at the 0.05 
level for absolute error, significant at the 0.01 level for 
constant error and not Significant at either level for 
variable error. The effect of replications was also cal- 
culated and for all dependent variables was not significant 
at the 0.01 level. There was also a movement by subjects 
interaction effect for absolute error, significant at the 
0.01 level. The means for the 3 main effects, based on 60 
scores, were reported in Appendix A, Table 19. The graphs 
of the main effects for absolute, constant and variable 


error are illustrated in Figures 5, 6 and 7 respectively. 


Newman-Keuls Test was applied to the means of the 
levels of information load for absolute, constant and vari- 
able error scores, respectively (Appendix A, Table 20). For 
absolute error scores 2 movements differed from 8, 10 and 12 
movements and 4 movements differed from 10 and 12 movements 
at the 0.01 level of confidence. Using constant error 
scores, 2 and 4 movements differed from 8, 10 and 12 move-. 
ments and 8 movements differed from 10 and 12 movements at 
the 0.01 level of confidence. With variable error scores, 

2 movements differed from 4, 8, 10 and 12 movements and 8 
movements differed from 10 and 12 movements at the 0.01 


level of confidence. 
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TABLE 1 


FIVE WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source Sum of Squares daft Mean Squares Ny 
Movements (M) 452923 4 132004 e, LZ AOss 
Delay (D) 2092 a PAO SS) as Oe 
1s ye 5425 4 13'307,0 1.34 
Axis (A) 6177 Ji OM ead Sieg ll Obs 
Dex ek 6309 4 T577 <3 15 346) 
lis ce go 0 uF O20 00 
Mirqalen pag sy Vig ake) 4 554.7 45) 
Replications (R) 3222 4 805.4 -80 
Dex oh 2652 4 662.9 62 
Dox R B50 / 4 ope) bace: 89 
De a xen 2918 4 29 5 #13 
Subjects (S) 326940 aay 297/20 29 Zee 
MxsS 223768 44 5085.6 Sys Woes 
Pooled Error LitGogZ Ae) 1006.9 

TABLE 2 


FIVE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 


Source Sum of Squares df£ Mean Squares F 
Movements (M) 32691 4 8172.8 62.007 
Delay (D) 62 a 62.0 48 
Mex D 500 4 12560 s6 
Axis (A) 1589 uy 1589.0 v2.20" % 
MxA POI) 4 64.6 50 
DxA 4a us 44.0 34 
MxDxA 457 4 114.2 88 
Replications (R) wo3 4 eoeo E45 
DixcR 596 4 149.0 ty is) 
AxXR 57 4 14.4 gah 
Dox Ak R 330 4 B25 AS 
Subjects 16224 ‘bal, 1474.9 11342" 
Pooled Error DO diz. a1 53 US One 


** significant at the 0.01 level 
* significant at the 0.05 level 
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TABLE 3 


FOUR WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


Source Sum of Squares daft Mean Squares F 
Movements (M) 130 4 3256 Boone 
Delay (D) eu i 0 ar 
Mx D ee 4 Paes) Ah) 
Axis (A) 5 1 520 ise} 
MxA 23 4 3,0 125 
DxA 8 dL 8.0 Zol3 
MXDxA 16 4 4.0 07 
Subjects Hay, nee WO” 261/05 
Pooled Error 783 209 Oy 


** significant at the 0.01 level 
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FIGURE 5 THE MEAN ABSOLUTE ERROR FOR THE NUMBER OF 
MOVEMENTS AND RECALL DELAY FOR ALIGNMENT 
AND COMPENSATION 
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FIGURE 7 ‘THE MEAN VARIABLE ERROR FOR THE NUMBER OF 
MOVEMENTS AND RECALL DELAY FOR ALIGNMENT 
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Discussion 


Preliminary Analysis: The failure to reject any 
null hypothesis using the conservative test of Greenhouse 
and Geisser (1959) indicated that there was a high proba- 
bility of violation of the homogeneity of covariance 
assumption for the primary analysis of variance. Reasons 
why this violation occurred were outlined below in the 
discussion on response strategies. Based on this analysis, 
the primary analysis was conducted in an exploratory manner 
to direct further investigation. Consequently, conclusions 


could not legitimately be drawn. 


Information Load: The results obtained for the 
main effect of information load, or the number of movements 
to be recalled, were partially in accord with the first hy- 
pothesis that recall accuracy was inversely proportional to 
Memory load. Wilberg and Sharp (1970) and Sharp (1971) 
found consistent findings using absolute error only, with 


sub-memory span loads on the same apparatus. 


The use of constant and variable error scores as 
dependent variables, in addition to the absolute error 
scores, provided information that was not previously in- 
vestigated using this type of task. There was a general 
trend displayed, with one exception, that forgetting had 


not occurred between 2 and 4 movements, or between 10 and 
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45 
12 movements. It seemed that 2 or 4 movements, if measured 
by absolute or constant error scores, could be remembered 
equally well by the Ss; but differences did occur if the 
consistency of the constant error responses was calculated 
by variable error scores. The fact that differences did not 
occur for absolute and constant error scores for 2 and 4 
movements when the information load was doubled, indicated 
to this writer that the Ss might not have been attending to 
the afferent information, but rather to more stable efferent 


information. 


The consistent finding that no differences occurred 
between 10 and 12 movements for all dependent variables might 
beFexpLainedibymonesobe2 hypotheses. §First ,sthe Ssimay have 
decidedia pi Omigethat “theysecould not recall 10eand) 12 move— 
ments and therefore adopted a response mode whereby they 
traced a series of well-learned patterns (e.g., squares and 
triangles) which were reproducable. Further, it was also 
possible that the Ss did not consciously adopt such a stra- 
tegy, but attempted to move "randomly" as instructed for the 
10 and 12 movements. Ordinarily, this information load, as 
Stated by Miller (1956), would be well above the number of 
errorless categories that the Ss could remember and absolute 
error differences should have increased in this range. How- 
ever, in responding, the Ss might have selected a "random" 
sub-routine that was, in fact, well-routinized and was 
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46 
indicated that they may have operated in both of these modes, 
although the latter "strategy" was believed by them to be 


ineffective. 


The possibility that 2 or more strategies were used 
differentially by the Ss during the experiment for high and 
low information loads was supported by the significant move- 
ment by subjects interaction. Evidence of multiple strategies 
was also given by the non-significance of the analysis of 
variance using Greenhouse and Geisser (1959) conservative 
degrees of freedom. This procedure was sensitive to devia- 
tions from homogeneity of covariance, especially if these 
deviations were polarized to 2 strategies (Wilson, 1971). 

To help avoid future covariance deviations which were con- 
trary to analysis of variance assumptions, further 
experimentation was confined to information loads of 2, 4 
and 8 movements. This number of items was demonstrated 

by Miller (1956) to be close to the normal memory span for 
most dimensions and might therefore preclude the use of 
differential strategies by the Ss. Further evidence was 
given to this point by Sharp (1971) who failed to find 


treatment by subjects interactions using this same load. 


Information Loss: The results obtained for the main 
effect of recall delay were in agreement with the second hy- 


pothesis. Sharp's (1971) finding that delay effects did not 
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47 
occur over an unfilled interval for sub-span information 
loads were confirmed in this investigation. This finding 
was contrary to the spon*taneous trace decay concept that 
Pepper and Herman (1970) proposed. This writer believed 
that the Ss, with this task, used a central movement pat- 
tern that was relatively impervious to decay, rather than 
attending to a more unstable form of peripheral information 


available from the movement. 


Axis of Movement: The results obtained for the main 
effect of axis of movement for absolute and variable error 
scores supported the third hypothesis of no significant axis 
effect. Absolute error scores did differ, however, at the 
0.05 level of confidence. Measures of constant error scores, 
which are more sensitive to positive performance changes 
(Laabs, 1971), rejected the null hypothesis at the 0.01 
level of confidence. Mean constant error scores for both 
movement components (Table 2) were more accurate for align- 
ment than for compensation scores. Similar results were 
found by Sharp ..(1971) wat the 0.05 level of confidence: 

These differences might have been an artifact of the equip- 
ment's being at the side of the Ss. Alignment movement 
components would perhaps be more accurate since they were 
limited by the Ss arm length (is. 6.) pas 'CeLling “GrLrect. 4): 
while there was no such constraint in the compensation com- 


ponent. Because of the fact that no treatment by axis 
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interactions were significant, further analysis was limited 


to the compensation components of the joystick movements. 


Replications: The replications effect was not 
Significant at the 0.01 level of confidence. This indicated 
that the Ss did not demonstrate any significant fatigue or 
learning effects throughout the course of the experiment. 
Furthermore, a lack of significant replication's effect was 
considered essential to the continued use of the Ss. through- 


out successive experiments (Tables 1, 2 and 3). 


Subjects: The Ss were significantly different from 
each other at the 0.01 level of confidence, indicating that 


large individual differences existed. 
Experiment II 


Hypotheses 


Two hypotheses were formulated on the basis of the 


related literature: 


i eae Errors for 2 movements <“_Errors for 4 move~- 
ments S.Errors for 8 movements for absolute 


constant and variable error scores. 


Ho: Errors for immediate recall = Errors for re- 
calbnaftter 20 osecondsoof rest «forvabsolute, 
constant and variable error scores. 


In the first hypothesis, it was held that recall 


performance would deteriorate as the information load in- 
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creased. The justification for this hypothesis was demon- 
strated by Wilberg and Sharp (1970) and Sharp (1971). 
However, in that the Ss could not as readily use pre-planned 
motor output when the input was experimenter-controlled, it 
was believed that absolute performance would be more "“error- 
ful" than performance at identical information loads in 
Experiment I. This comparison would not be tested statis- 


tically until Experiments IV and V. 


The second hypothesis was formed to demonstrate that 
no differences would occur between the main effect of im- 
mediate recall and recall after un unfilled interval of 20 
seconds. This hypothesis was stated in the null form because 
ines. couldiinotebe \ert anit itheyssswereising) monensiapie 
response strategies, rather than attending and responding 
according to the peripheral motor input. It was, however, 
believed that the Ss were forced to attend more closely to 
peripheral information with this method of input than with 


the less rigidly controlled method of input in Experiment I. 


Results 


Preliminary Analysis: Three 2-way analyses of variance 
were carried out on the absolute, constant and variable error 
scores using the Greenhouse and Geisser (1959) conservative 
degrees of freedom (Appendix B, Tables 21, 22 and 23 respec- 


tively). The null hypothesis was not rejected for any of the 


sak 4 bluos ao at ahs oe 
aon 930m od. i edu toads arid beri BW 
Th , 
nt ‘abet Pee Sens ee isoismebs 36 2% 


+3itedte hoses: od gon bluow noe ixegmos . abet = tnom iseqe 
y% iE pe) 
+V bas VI aac itsay Lebaeiia 


geds stsitenomeb oF bemx0? esw atasdtoqyr faring ath Ao 
Wii To 229%is Aism Sit asswted xzvas0 Bluow asornstoktib on 


O£ Zo levisesat boiliinu nu tezts Ifsost bne 1isses eseibem ay 


) - - 
seusosd mrot Ifunr sit ai Bstsi2 asw eLesdtoqvid aint ps, 4 
7 


sidste stom pried stewvee odd ii nistxeo od jon bivoo @ edt 
Yaibnogest Big poibasdis asc t9ftsx , eorpetsnise oanoqest 7 
\tovewon ,@6w Jl .,gvgnt xrscjow lsxsdgiteq sit oF pntbsouss — 
op yiseolo szom Hass36 03 Hear10t eisw ae sd tsdg beve tk 
nijiw add tuqat to bortiem eidy diy hotssmxoane karrondiseal 

+L gaemiteqxd mi tugtt Yo bodtom bsllortnos wibipis \aeel et) , 


et {uaok j 


gonsiisy 30 eseylsns vew~S petaeet palevisaa b alasaamate 
1OIL9 Sidstrsy vas Instenoo \etuloeds sds. 0 tuo beizxso| ezow 
Wiss vreeno>. (€2e5)) edBte0 bas sevormeet® seit pnias aa1008 
~Sgget BS Bria ss vie — 4 rae CARN Se ee 
eg: Regis soi evoetsd 300) gb 


50 
dependent variables at the 0.01 level of confidence. However, 
Significance at the 0.10 level of confidence was reached in 
the absolute and variable error scores analyses, and was 


approached by the constant error score analysis. 


Primary Analysis: Two 4-way analyses of variance 
and a 3-way analysis of variance, using conventional degrees 
of freedom, were performed on the absolute, constant and 
variable error scores, respectively (Tables 4, 5 and 6). 

A pooling procedure after Paull (1950) was used to determine 
the best estimate of experimental error to test these main 
Grpects. ine all 3 analyses, the Main e€ffectsof intormation 
load, or number of movements to be remembered, and the 
effect of subjects weremsiqnificant past the 0.01 level of 
confidence. The main effect of recall delay was not signi- 
ficant at the 0.01 level for any dependent variables. The 
interaction for delay by replications was found to be 
Significant for absolute error and constant error at the 
0.05 and 0.01 levels of confidence, respectively. The 
interaction of movements by replications for variable error 
was also significant at the 0.05 level of confidence. The 
replications effect was not significant at the 0.01 level 
of confidence. Treatment by subjects interaction effects 
did not occur with any of the dependent variables. The 
graphs of the main fixed effects, based on 60 scores, for 


absolute, constant and variable error scores were plotted in 
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TABLE 4 


FOUR WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source Sum of Squares df Mean Squares E 


Movements (M) 23140 2 11570.4 Cleo 
Delay (D) 57 ip 5720 .40 
M xe 17 2 Bato .06 
Replications (R) 418 4 104.7 74 
DxR AKO 4 442.6 Zyl 
Subjects 7287 11 662.5 AGO 
Pooled Error 47771 B35 142.4 
TABLE 5 


FOUR WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 


Source Sum of Squares df Mean Squares F 
Movements (M) 2274 Ys BS 70 49 .01** 
Delay (D) 8 A ee) 235 
Mis 10 2 50 eee 
Replications (R) 74 4 Toso .80 
MxR 400 8 50.0 Walox 
Dscak 348 4 8750 Sone 
Subjects 564 ts 5le3 2.20." 
Pooled Error 7386 319 2332 


** significant at the 0.01 level 
* significant at the 0.05 level 


TABLE 6 


THREE WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


Source 


Movements (M) 
Delay (D) 

Mx D 
Subjects 
Pooled Error 


** significant 
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FIGURE 8 THE MEAN ABSOLUTE ERROR FOR THE NUMBER OF 
MOVEMENTS AND RECALL DELAYS WITH EXPERI- 
MENTER-CONTROLLED MOVEMENT INPUT 
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FIGURE 9 THE MEAN CONSTANT ERROR FOR THE NUMBER OF' 
MOVEMENTS AND RECALL DELAYS WITH EXPERI- 
MENTER= CONTROLLED MOVEMENT INPUT 
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FIGURE 10 ‘THE MEAN VARIABLE ERROR FOR THE NUMBER OF 


MOVEMENTS AND RECALL DELAYS WITH EXPERI- 
MENTER™=CONTROLLED MOVEMENT INPUT 
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56 
Figures 8, 9 and 10, respectively. The means of the main 


fixed effects were reported in Appendix B, Table 24. 


Newman-Keuls Test was applied to the means of the 
levels of the information load for absolute, constant and 
variable error scores (Appendix B, Table 25). For each 
set of dependent variables all means differed from all other 


means, exceeding the 0.01 level of confidence. 
Discussion 


Preliminary Analysis: The use of the Greenhouse and 
Geisser (1959) conservative degrees of freedom protects an E 
against making a Type I error in the face of maximum hetero- 
geneity of covariance. Wilson (1971) stated that the use of 
the conservative degrees of freedom was unsatisfactory un- 


less: 


-..one half of the repeated measures equals 
one of a pair of independent random variables 
and the other half equals another. 


The information load of this experiment was reduced to pre- 
clude the use of multiple response strategies, as in 
Experiment I, which might have caused heterogeneous co- 
variance. Also, using the conservative degrees of freedom, 
absolute and variable error scores for information load both 
reached the 0.10 level and constant error scores for infor- 


mation load approached the 0.10 level of confidence. It was 


aie Yo enede dei ‘ah Boitiges e6w ses? atost-nanwot 
fas tassenos .sdusosts 163 ‘bRol nobdsmretne ont Io 


fiS6S TOL (as older .f x Lbreqgé) aomose 4 
rerito Ls moxi bersilif enbem ifs adideizay’ 


-s0dabitaos io, lavel 10.0 orid pnitonoxs <Pas9m 


= 
apy OX : H : 5 
i 7 a) 1 ; 
bas sevodnessd eft to sed siT -eleylsnA vienimilor et 
4 is i} 
2 ms e@tostoug mohsext to esexpeb savivevisenoo (@a@L) aeseled 7 


~ousjeod tumixem i160 9063 sii ai torre J sqyT & paAtaem tanisps 
to sey odt icht boegaze (LVL) noeliw .sonpizsvyoa to yt tense. 


: - 
“nw yitodtosietysenu esw mobesxt to eseupesb syluevieencs edd : 
‘ ' : [ Pa 
elisypo asituessm betseqer sft Io ALsd eno... . : 
asidsixsvy mobrex) tasbneqebat 10, x46q) 6 to sno ue 
»isdtens 2isups tiled 4erte sf3 bas | 
~8iq OF bebubor esaw dnsminsqxe eid’ to bol aoidsmrotnt sift : 


ni 2s esipestsige Seroqesx ofgiaiva 20 sen ert sbuls 

. =09 siesheporatod boewso evsd Sifeim do Eniw \I jneulregx’a 

\mobasst fo asexipeb evissvieeno> eda pata rie soap lisy 7 

djod bsol aeissmioint sot 251092 to0x1s sideitay bas siutouds ~ / 
cr0knl x02 B5%052 OTIS aed 2005 ‘bas yol oL.0 efi bseioasz 


@sW I .s0nebiinoy to Isyef 0L.0 ons soxqge Heol noksam 


Sh / 
therefore considered justifiable to assume that the corrected 
degrees of freedom, if adjusted for covariance deviations as 
outlined by Wilson (1971) would render the assumptions of 
analysis of variance satisfied. This would allow the con- 
ventional degrees of freedom to be used in the primary 


analysis. 


Information Load: The results obtained for the 
main effect of information load for absolute, constant and 
variable error scores were fully in accord with the first 
hypothesis. The use of Pee tent o Soone cones input tended 
to increase the differences between the different levels of 
the information load as indicated by the significant dif- 
ferences found between 2 and 4 movements for all dependent 
variables (Appendix B, Table 25). In Experiment I, dif- 
ferences could not be found between 2 and 4 movements for 
absolute and constant error scores. Sharp (1971) used a 
Similar input technique to that of Experiment I and was not 
able to detect differences between 2 and 4 movements. The 
use of the experimenter-controlled method of input seemed to 
prevent the Ss from using well-routinized movement patterns 
auilowelevels ofeinformation tload. <iiyutecouldebe gassumed 
that the Ss attended to the movement stimuli available from 
peripheral sources, it was evident that he could not do so 
as accurately in this investigation as he could in Experiment 


I (Figures 5-10). This decrement might have been due to the 
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lack of fidelity or meaningfulness of the movement produced 
information, as Wilberg (1969b) suggested. In the face of 
information that possibly could not be coded or organized, 
the Ss might have ignored the movement-produced stimuli al- 
together while responding independently, either to the given 
instructions or to their "ideo-motor" concept of the cri- 
terion movement (Greenwald, 1970). When a movement system 
is used as input as well as output, it becomes difficult to 
Cedi how much) “representation of the stimulus. thevo used 
to make the response (Posner, 1963). These ideas were 
tested more directly in Experiments IV and V. The lack of 
a movement by subjects interaction indicated that, whatever 
thewresponse mode ‘chosen by the Ss, 1t waseat least consis= 


tent across all information loads. 


Information Loss: The results obtained for the main 
effect of recall delay were in agreement with the second 
hypothesis. If a response trace susceptible to spontaneous 
decay was formed by peripheral input (as Pepper and Herman 
(1970) assumed), the experimenter-controlled input used in 
this investigation would tend to focus the Ss attention on 
this*souree. “The lackrof a-recall¥decrement*over=a72U 
second unfilled interval indicated that a more stable trace 
was being attended to; possibly from a LTM movement store. 
Adams' (1967) delineation between a permanent memory trace 


and a more fleeting environmental perceptual trace, might 
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be appropriate here. The information provided in the joy- 
stick task provided few reliable location cues because the 
joystick was free-moving as well as being out of the Ss 
Sight. Further experimentation did not include delay fac- 
tors since the null hypothesis was not rejected for this 


factor in either Experiments I or Ii. 


Replications and Subjects: The replications effect 
was again not significant at the 0.01 level of confidence. 
This indicated that any learning or fatigue effects ex- 
peritenced shy the Ss during the course of the joxocriment 
were not significant. The interactions that occurred 
between the replications and delay for absolute and variable 
error were unexpected and were believed to be a result of 
the population sample. The subjects effect was again signi- 
ficant, but the lack of treatment interaction with this 
effect indicated that, although the Ss showed great indivi- 
dual differences, these differences were consistent across 
all treatment conditions. Reduction of the extreme infor- 
mation loads of Experiment I was believed to have eliminated 
the treatment by subjects interaction as well the extreme 
covariance deviations, by restricting the possible response 


strategies. 
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Experiment III 


Hypotheses 


Two hypotheses were formed in accordance with the 


related literature: 


Hy: [eeepc amepe 72 movements <_ Errors for 4 move- 
ments<_ Errors for 8 movements for absolute, 
constant and variable error scores. 

Ho: Errors for the free end point condition = 
Errors for the templated end point condition 
for absolute, constant and variable error 
scores. 

In the first hypothesis recall performance decrements 
were considered to be an increasing function of the informa- 
tion load, or the number of movements to be recalled. Sup- 


port for this hypothesis was gained by Wilberg and Sharp 


(1970) and Sharp (1971), and from Experiments I and Ii1. 


The second hypothesis was formed to demonstrate 
whether recall differences would occur for any dependent 
variables between the free end point and the templated end 
point for criterion trials. This hypothesis was stated in 
the null form because of uncertain evidence concerning this 
phenomenon. Posner (1967a) and Stelmach (1969, 1970), 
among others, have used physical stops to control the extent 
of the criterion movement in motor STM tasks. Wilberg (1971) 
has found that no differences occurred between recall condi- 


tions when the criterion trial was terminated by a physical 


| iv an | ite ‘ a pee ve = - 
od? ieee eee ae otew adpadsogyd ow? | 
Aadieoutes Rana’ 


Letisel om S 20% ero1ma =) 7"¢ 
é SAS png ar01ta as cem , oa 
22 to11 Sidslisy has Instenoo 
5 tn tog Hae se1t oft 10% etoxxa 2 ,H ae 
to pa ednians) ont toi exdtsd — . ae 
roT19 otdetane hee wnetanoy ,atuloeds 1ot 1) 
-2510048 
atinenstneb aonamtoizeq [f[sps1 etestogyd tart? ont at. ~ " : : 


~pizoint shy Yo noitonu poiessizoni ne od oF betabienco evel” 
sae -beffsos2 sd ot etasmevom to x3dmyn sft xo ,Beol t ‘noEs 7 
qisdé bas predliw yd Beaiep esw elzordoayd vids Yor t10q_ 


«It fas I atqoemitegxd mort bas , ({vefl) qiede Bre Corel) 


* 
. $3677 enomsh og benxo% 25w efesdtogyd baosse ait Ve . 
$fshreqeh yns 107 xzWdd0 Biuow eegnsietiin Liscs2 rodtedw,. a 

4 _ Bas Sesaiqnss eft bas jniog bre sett sft neswitsd asldsiuav a7 

at bejste esw ateonddoqya 2idT -.elstxa nolussiao tot daiog . 

eid pninxtsones sonebive missisons to seusosd miot Livni. ort. | 

loves ,f08L) dosmiet2 Has (start) Baa -nonemonedig, 
tasixs oft Loztnoo ot agote Isotayriq boeu ‘ead , eterizo sae 

(f£¥eL) paradise -edest MT2 xoJom ni +romeyvom: neixedtss eda to 

~tbape, Liscerx, nasvted: betats00 esonsieitib on. teds brutoi asi — 
Iepiela § Yd Sedenimzed ann Laii9 aoiyeaixe on3 nodw amos 


i 


Sal 
Stop, salisel f-terminated® stopromavstop toa ttones® Gredter 
response accuracy would be predicted for the free end point 
condition, if the Ss actually monitored the efferent motor 
information rather than peripheral movement-produced 


Sstimeias 


Results 


Preliminary Analysis: Three 2-way analyses of 
variance were carried out on the absolute, constant and 
variable error scores uSing the Greenhouse and Geisser 
(1959) conservative degrees of freedom (Appendix C, Tables 
26, 27 and 28). The null hypothesis was not rejected for 
any of the dependent variables at the 0.01 level of confi- 


dence. 


Primary Analysis: Two 4-way analyses of variance 
and a 3-way analysis of variance were computed on the 
absolute, constant and variable error scores, respectively 
(RagLesuy eo and 9). A pooling procedure alter Paull 1950) 
was used to determine the best estimate of experimental 
errometo test these main affects)... She main elfiect of ainior- 
mation load, or the number of movements recalled, was 
Significant at the 0.01 level, of confidence for absolute, 
Constame andm@variable error scores... The Malngeitect sort wend 


point was significant at the 0.01 level of confidence for 
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62 
absolute and variable error scores. The effect of end point 
for constant error scores was not significant at the 0.01 
level of confidence. The effect of subjects was again sig- 
nificant at the 0.01 level of confidence for absolute and 
constant error scores, but not for variable error scores. 
The graphs of the main fixed effects, based on 50 scores, 
were illustrated in Figures 11, 12 and 13, respectively. 
The means of the main fixed effects were reported in Ap- 
pendix C, Table 29° "The scores “tor 2) Ss were dropped trom 
the analysis for failing to follow instructions regarding 


the recall trials. 


Newman-Keuls Test was applied to the means of the 
levels of information load for absolute, constant and 
variable error scores (Appendix C, Table 30). For the mean 
absolute error scores, 2 movements differed from 8 movements 
and 4 movements differed from 8 movements at the 0.01 level 
of confidence. For the mean constant and variable error 


scores, all means differed at the 0.01 level of confidence. 


The effect of replications was not rejected at the 
0.02 level of confidence. The effect of subjects was re- 
jected at the 0.01 level of confidence, but no treatment by 


subjects interactions were significant. 
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TABLE 7 68 


FOUR WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source Sum of Squares dt Mean Squares E 
Movements (M) 9135 2 4567.7 34, 2a 
End Point (E) 3234 i 3234.0 24, age * 
MxE 313 2 15626 oe 
Replications (R) LSd 4 39%.3 29 
Ex <R 370 4 92.9 .69 
Subjects 5606 9 62229 A.0/"* 
Pooled Error 86979 277 dbs vetess) 

TABLE 8 


FOUR WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 


Source Sum of Squares df Mean Squares F 
Movements (M) 866 2 433.0 SHES Ooi 
End Point (E) 8 ie 8.0 05 
MxE 79 2 39.4 2.46 
Replications (R) 5 4 LS 08 
Ex R 70% 4 1955 Te2u 
Subjects 471 ") 52.4 Sharer 
Pooled Error 4420 207 16.0 


** significant at the 0.01 level 


TABLE 9 


THREE WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


Source Sum of Squares dt Mean Squares F 
Movements (M) 4.9 2 Ze 5 .0e* 
End Point (E) Zou iL ay 4.0% 
MxE 4 2 72 4 
Subjects 6.4 9 ai 1.4 
Pooled Error 20.4 45 fe 


** significant at the 0.01 level 
* significant at the 0.05 level 


ABSOLUTE ERROR / MOVEMENT (mm) 


65 
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@—— FREE END POINT 
O——o TEMPLATED END POINT 
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FIGURE 11 THE MEAN ABSOLUTE ERROR FOR THE NUMBER OF 


MOVEMENTS WITH FREE AND TEMPLATED END 
POINT CONTROL 
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FIGURE 12 THE MEAN CONSTANT ERROR FOR THE NUMBER OF 
MOVEMENTS WITH FREE AND TEMPLATED END 
POINT CONTROL 
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FIGURE 13 THE MEAN VARIABLE 
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POINT CONTROL 


12 


68 


Discussion 


Preliminary Analysis: The failure to reject the null 
hypothesis for any dependent variable using the Greenhouse 
and Geisser (1959) conservative test indicated that the 
analysis of variance assumption of homogeneity of covariance 
may have been violated. A decision was made by this writer 
that the reported tabled values for making a Type I error 
for absolute and constant error scores were of sufficient 
magnitude (p € .001) to withstand the maximum 10% increases 
that were reported by Wilson (1971) with moderate homogeneity 
violations. Reasons for these deviations were outlined below 


in the discussion on response strategies. 


Information Load: Results obtained for the main 
effect of information load, or the number of movements to 
be recalled, were fully in accord with the first hypothesis 
that recall accuracy was inversely proportional to the 
information load. This finding was consistent with the 
results of Experiment II for the information load effect in 
that all levels differed from each other, except for 2 and 
4 movements for absolute error scores. The use of the 
templated end point seemed to cause the differences between 
information loads of 2 and 4 movements, for constant and 
variable error scores, to have increased over what was re- 


pomtedebyeSharpt (1971)eandain Experiment 1.  .The;mean 
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69 
absolute error scores for 2 and 4 movements just failed to 
reach significance at the 0.01 level but succeeded at the 
0.05 level of confidence. The use of a physical end point, 
rather than a self-determined end point could be hypothe- 
pazed@topdirectathesscmtovattempt (to) moni torspertpheral 
information rather than a central motor plan. If the 
fidelity of this information was not sufficiently organized 
to allow accurate movement, greater differences at all 
information loads would occur. It was also possible that 
thes ss responded accora ngmlLOsanm itetnal CricerloOneot sine 
movement in spite of the extent of the actual arm movements. 


This would have also caused errorful performance. 


End Point: The results obtained for the main ef- 
fect of end point for absolute, constant and variable error 
scores were indecisive in accepting the second hypothesis 
that no differences occurred between errors with a physical 
stop or with a self-terminated stop. The null hypothesis 
was confirmed by the constant and variable error analysis, 
but was rejected by the absolute error scores at the 0.01 


level of confidence. 


The fact that the constant error analysis did not 
reject the null hypothesis (Figure 12) was the result of a 
large overshooting tendency at low loads and an undershoot- 


ing tendency at moderate and high loads. This differential 
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70 
response strategy across loads caused an information load 
by end point interaction effect that approached significance 
at the 0.05 level of confidence. The net effect of the 
Overshooting and the undershooting was no end point effect 
for constant error analysis. The differential response 
strategy over levels of information loads, as reflected by 
constant error scores, could have caused the covariance 


deviations. 


The overshooting which occurred at the lowest in- 
formation load level for constant error scores and the 
general errorful performance for absolute error scores for 
the templated condition could have been predicted by the 
research of Taub and Berman (1968) or Greenwald (1970) 
which suggested a central form of monitoring of motor 
information. The assumption made by Pepper and Herman 
(1970) that "...an accurate memory trace...is initially 
stored" as a result of afferent motor input, seemed to be 
refuted by this investigation. If the information from 
the movement receptors was accurate and was being used, 
no differences should have occurred between recall in the 
templated end point condition and recall in the self- 


terminated end point condition. 


The necessity of a theoretical framework to under- 


stand the movement information used in more complex motor 
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behavior could be seen in light of these findings and in 
light of the prolific K STM research that has used physical 


end points. 


Experiment IV 


Hypotheses 


Three hypotheses were formed in accordance with the 


related literature: 


Hy: BErOrs. £0r 2 movements <q Errors (for 4 move- 
ments <_ Errors for 8 movements for absolute, 
constant and variable error scores for both 
conditions of input. 

H,: Errors for self-determined input< Errors 

for experimenter-determined input across 

all levels of information load for absolute, 

constant and variable error scores. 

H,: Errors for the first recall = Errors for the 

second recall across both conditions of in- 

put for absolute, constant and variable 
error scores. 

In the first hypothesis, it was maintained that re- 
call performance would deteriorate as the information load, 
or numbers of movements to be recalled, increased. This 
hypothesis was verified in the motor domain by Wilberg and 


Sharp (1970) and Sharp (1971) and generally by the results 


of Experiments I, II and III. 


In the second hypothesis, performance in the self- 
controlled input condition was considered to be more accurate 


than in the experimenter-controlled condition, across all 
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information loads. This hypothesis was based on the belief 
that the Ss must have attended more to the movement-produced 
afferent stimuli when the input was experimenter-controlled. 
It was hypothesized that, in the self-determined input con- 
dition, the pS Used well leGarnedscentrals MOLOKeplLans, 
rather than attending to low fidelity peripheral information 


and then acting upon it. 


With the third hypothesis, it was intended to demon- 
strate that no differences would occur between the first and 
second recall trials. This hypothesis was stated in the 
null form because this had not been directly tested before 
and it "was *belveved that the os were "responding toa rela- 
tively stable central source of information. Experiments I 
and II, as well as the study by Sharp (1971), indicated that 
no forgetting occurred over unfilled intervals of 20 and 15 


seconds, respectively. 
Results 


Preliminary Analysis: Three 3-way analyses of 
variance were computed on the absolute, constant and variable 
error scores uSing the Greenhouse and Geisser (1959) conser- 
vative degrees of freedom (Appendix D, Tables 31, 32 and 33, 
respectively). The null hypothesis was not rejected for any 


of the dependent variables at the 0.01 level of confidence. 


Primary Analysis: Two 5-way analyses of variance and 
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a 4-way analysis of variance were performed on the absolute, 
constant and variable error scores, respectively (Tables 10, 
dl nets Fas Gal 672) oe A pooling procedure after Paull (1950) was 
used to determine the best estimate of experimental error 
to test the main effects. The main effect of information 
load, or the number of movements recalled, was significant 
past the 0.01 level of confidence for absolute, constant 
and variable error scores. The main effect of successive 
recalls was not significant for any of the dependent vari- 
ables at the 0.01 level of confidence. The main effect of 
method of input was significant at the 0.01 level of confi- 
dence for the absolute and constant error scores, but not 
for the variable error scores. There was also a main effects 
interaction significant at the 0.01 level of confidence, 
between number of movements recalled and the method of input 
for absolute and constant error scores. A significant re- 
plications effect at the 0.01 level was found to be signifi- 
cant for absolute and variable error scores at the 0.01 level 


of confidence. 


Two analyses of variance were computed for simple 
main effects on the significant movement by input interaction 
for absolute and constant error scores (Appendix D, Tables 
S57 ana oO). cLONnLticanc dleterences at the 0.0 lelevel were 
found between movement loads for both input conditions for 


absolute and constant error. Significant differences were 
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also found between input conditions at the 0.01 level for 
8 recalled movements for both absolute and variable error 
scores. No differences occurred between the 2 and 4 re- 
called movements for absolute and constant error scores at 


the 0.01 level of confidence. 


Newman-Keuls Tests were calculated between the 
means of the levels of information load with all dependent 
variables for both self-controlled and experimenter- 
controlled inputs (Appendix D, Table 37). All experimenter- 
determined input conditions for information load differed 
from each other over all dependent variables at the 0.01 
level of confidence. For self-determined input conditions 
no differences occurred between 2 and 4 movements for 
absolute error, but differences, significant at the 0.01 
level of confidence, occurred between all other levels of 
information load for all of the dependent variables. One 
difference between 4 and 8 movements for variable error 


just failed to reach significance at the 0.01 level. 


Discussion 


Preliminary Analysis: Conclusions drawn from the 
primary analysis were believed to be legitimate, although 
the preliminary analysis failed to reach the 0.01 level of 
confidence using the most conservative degrees of freedom 


(Greenhouse and Geisser, 1959). The nature of the data was 
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TABLE 10 


FIVE WAY ANALYSIS OF VARIANCE 


ABSOLUTE ERROR 


13 


Source Sum of Squares df Mean Squares F 
Movements (M) 37496 2 18748 .0 133.00." 
Recalls (R) 84 als 84.0 .60 
MxR 143 2 IBS Ajeull 
Input (I) 6783 i 6783.0 48 .45** 
Rese Ji 5 1 550 .04 
MxI 6593 2 3296.0 23250. 
Mx RxI qin 2 Sins) “25 
Replications 2349 4 587.5 A19 ** 
Subjects 8778 ua 798.0 Da) oe 
Pooled Error 97219 693 140.3 
TABLE 11 
FIVE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 
Source Sum of Squares dt Mean Squares F 
Movements (M) 3765 2 1882.5 LOS IS** 
Recalls (R) i Al shee! 205 
MxR 6 2 350 sabe) 
Input (I) 166 1 166.0 O.coe* 
Ive Ih 5) Al 25!) eau 
nyse RE 1245 2 62255 Be gels 
Mesce het 0 2 0.0 0.00 
Replications Led 4 3.58 6g 
Subjects 790 fal US S020" 
Pooled Error 13038 693 18.8 


** significant at the 0.01 level 
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TABLE 12 


FOUR WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


Source Sum of Squares dt Mean Squares EF 
Movements (M) 13 Be. 2 DyZ 13220" 
Recalls (R) =gis al ant 14 
MxR 2 2 ou .14 
Input (1) Vee x Dee a0 
Rex o a ae 43 
MxI oao 2 eS) 2 tie 
Mx RxI 23 2 ay ceo 
Subjects i270 sul Lie Teo, 
Pooled Error oles 2 a 


** significant 


at the 0.01 level 
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FIGURE 14 THE MEAN ABSOLUTE ERROR FOR THE NUMBER OF 
MOVEMENTS AND THE NUMBER OF RECALLS WITH 
EXPERIMENTER-CONTROLLED AND SELF» CONTROL- 
LED MOVEMENTS 
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FIGURE 15 THE MEAN CONSTANT ERROR FOR THE NUMBER OF 
MOVEMENTS AND THE NUMBER OF RECALLS WITH 
EXPERIMENTER-CONTROLLED AND SELEF* CONTROL- 
LED MOVEMENTS 
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FIGURE 16 THE MEAN VARIABLE ERROR FOR THE NUMBER OF 
MOVEMENTS AND THE NUMBER OF RECALLS WITH 
EXPERIMENTER- CONTROLLED AND SELF-CONTROL- 
LED MOVEMENTS 
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not such that individual repeated pairs would polarize about 
2 independent random variables. Wilson (1971) specified 
this criterion for the use of the most conservative test. 
Further, the conservative alpha levels for absolute and 
constant error scores reached and approached, respectively, 


the 0.01 level of confidence. 


Information Load: The results obtained for 
the main effect of information load supported, for the most 
part, the first hypothesis that increased information load 
would result in decreased recall performance. The striking 
part of this finding was the replication of the main effects 
on both self-controlled and experimenter-controlled input 
with their counterparts in Experiments I and II. The 
absolute error scores for self-determined input failed to 
demonstrate differences in recall performance between 2 and 
4 movements, similar to the findings in Experiment I, as 
well as those of Sharp's (1971) study. Similarly, dif- 
ferences occurred between all levels of information load for 
the experimenter-controlled input, as evidenced in Experiment 


Tle 


Input Modality: The results obtained from the main 
effect of input modality were consistent with the second hy- 
pothesis that the self-controlled input condition was more 


accurate than the experimenter-controlled condition. This 
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hypothesis was supported, in the most part, for measures of 
absolute and constant error scores. This result seemed to 
lend =further support to the idea that when the Ss were in 
the experimenter-controlled input condition, they were forced 
to attend to a source of peripheral information that could 
not be readily used for accurate recall performance. Posner 
and Konick (1966) and Posner (1967) indicated that this form 
of distance reproduction was inaccurate, while Wilberg 
(1969b) suggested that the information might not be decod- 
able. lLaabs (1971) also observed that movements that had 
reliable location cues had a visual component that was very 
accurate, while distance reproduction lacked that organiza- 
tional component and was relatively inaccurate. The absence 
of an input effect for variable error was taken as evidence 
that the Ss responded consistently under both conditions. 

The response system was seen to be a reliable one; therefore, 
the fidelity and meaningfulness of the input used to ini- 
tiate and direct the movement for accurate performance 


seemed to have caused the differential input effect. 


Movement by Input Interaction: The significant move~ 
ment by input interaction was an indication of the differen- 
tial effect of movement input over the range of information 
loads. The lack of differences for 2 and 4 movements for 
the self-determined input condition lent support to the idea 


that the Ss were monitoring well-learned motor plans that 
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were accurate up to 4 movements. The only conscious memory 
components for these movements might have been for the 
proper selection and initiation of a motor plan after which 


the movements were run off automatically. 


The largest contributer to the main effect inter- 
action was at the 8 movement level of information load. A 
dramatic change in recall performance occurred with the 
experimenter-controlled input condition. Performance 
breakdown at this level was due to the necessity for the 
Ssrcopattend eto vabterentemotortinput perather “than bemgqdyable 
to focus attention on a well-learned sequence or series of 
sequences that might be usable as "Subroutines" in the self- 
controlled condition. The review by Miller (1956) on memory 
Span across different dimensions of input concluded that 
individuals seem to have a somewhat invariant capacity to 
process or hold in immediate memory 2.5 log, or 7 errorless 
categories of information in the face of unpredictable in- 
formation. For kinesthetic information, it seemed that an 
information load of 8 movements exceeded recall capacity 
when input was experimenter-controlled. It could not be 
determined with this analysis what information load the Ss 
could remember, but it could be predicted that performance 
breakdown would occur below 7 categories because of the sus- 
pected inaccuracies inherent in the afferent input. The 


reason performance did not break down at 8 movements with 
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83 
the self-determined input (as evidenced by the minimal 
change in slope in Figure 14) was that the movements were 
"chunked" (Miller, 1956) or reorganized into a more mean- 


ingiul form: 


Recall Consistency: The results obtained for the 
main effect of recall sequences were in accord with the 
third hypothesis. For all levels of input and all levels 
of information load no differences were found between the 
first and second recall. It seems, on the basis of the 
information provided them, whether from the "anticipated 
sensory feedback of the response" (Greenwald, 1970), from 
the peripheral kinesthetic information or from the instruc- 
Eions) given, thatethersos made responses that could be easily 
reproduced at all information loads. Although the response 
itself was inaccurate from the view of "What the performer 
did," it was very accurate if measured by "What the perfor- 
mer tried to do" (Fitts and Posner, 1967). Therefore, the 
inaccuracy of the afferent kinesthetic information caused 
performance decrements by the selection of an improper 


response rather than the actual execution of the response. 


Replications: The significant replications effect 
for absolute error was found to be without a trend that 
could have been a result of fatigue from the longer experi- 


mental sessions. 
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Experiment V 


Hypotheses 


Three hypotheses were formed in accordance with the 
related literature: 

Hy: Errors for 2 movements < Errors for 4 move- 
ments< Errors for 8 movements for absolute, 
constant and variable error scores and for 
DOLh cond tlonssoLwinput. 

H,: HrLOLS rove sel t-determined mi npucq<a ELroOrs 
for experimenter-determined input for all 
levels of information load for absolute, 
constant and variable error scores. 

H.: Brrors fOr ethe Viirst recall *="Ehprors for 
the second recall = Errors for the third 
recaliv-BEErOrs#Lor the fourth recall ror 
absolute, constant and variable error 
scores. 

In the first hypothesis, it was considered that 
recall performance would deteriorate as the information load, 
or number of movements recalled, increased. This hypothesis 
was verified by Wilberg and Sharp (1970) and Sharp (1971), 
as well as by the general findings of Experiments I, II, III 
and IV. One essential exception to this finding was that in 
no case in the above studies were differences detected 


between 2 and 4 movements when absolute error measures were 


taken and the Ss were asked to move "randomly" on their own. 


The second hypothesis was formed to demonstrate that 


performance in the self-controlled input condition would be 
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more accurate than in the’ experimenter-controlled input 
condition, for all levels of information load. This exact 
hypothesis was defended and upheld for absolute error 
scores in Experiment IV and it seemed improbable that it 


would be rejected in this investigation. 


With the third hypothesis, it was predicted that 
no differences would occur among the 4 recall trials. This 
ny potnesie was, based, upon the belief that the Ss used a 
stable central response system, rather than continually 
revenr vig tO peripheral movement trace that was susceptible 
to recall decrements if multiple recalls were required. 


This hypothesis was upheld in Experiment IV using 2 recalls. 
Results 


Preliminary Analysis: Three 3-way analyses of 
variance were performed on the absolute, constant and 
variable error scores uSing the Greenhouse and Geisser 
(1959) conservative degrees of freedom (Appendix E, Tables 
38y) 39) and °30).. ° ‘The null hypothesis was, reyected,.for, the 
absolute error scores at the 0.05 level while the constant 
eurdm scoréessrreacheddthe Onl0 slevel of)jcontidence.,..,.the 
nubinchypothesis rfon;the,varbable,error scoxres),was, rejected 


at the 0.10 level of confidence. 


Primary Analysis: Two 5-way analyses of variance 
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86 
and a 4-way analysis of variance were calculated on the 
absolute, constant and variable error scores, respectively 
(Tables 13, 14 and 15). A pooling procedure after Paull 
(1950) was used to determine the best estimate of experi- 
mental error to test the main effects. The main effects 
of information load, or number of movements recalled, and 
method of input were significant well beyond the 0.01 
level of confidence for all dependent variables. The main 
effects interaction for movements by input was also sig- 
nificant past the 0.01 level for absolute and constant 
error only. The main effect for recall consistency was 
not Significant at the 0.01 level. The replications effect 
was Significant only for absolute error at the 0.01 level 
and the subjects effect was significant at the 0.01 level 


of confidence for all dependent variables. 


Two analyses of variance were computed for the simple 
main effects on the movements by input interaction for 
absolute and constant error scores (Appendix E, Tables 42 
and, 43)s.. .Significant) differences, at thes0<.01 develewere 
also found between both input conditions for 8 recall move- 
ments for both dependent variables. Differences were also 
found significant at the 0.01 level of confidence between 
input conditions for 4 movements for absolute error scores. 
No differences were found between the 2 input conditions for 


2 movements at the 0.01 level for both dependent variables 
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nor between 4 movements for the constant error scores. 


Newman-Keuls Tests were calculated between the 
means of the levels of information load with all dependent 
variables for both self-controlled and experimenter- 
controlled inputs (Appendix E, Table 44). Significant 
differences at the 0.01 level occurred between all levels 
of movement load for all dependent variables and for both 
forms of input, except between 2 and 4 movements for self- 


controlled input when measured by absolute error scores. 
Discussion 


The factors and levels of factors studied in this 
investigation were identical to those of Experiment IV 
except that the number of recalls was increased from 2 to 
4. The significant main effects of this investigation 
were identical to those of Experiment IV. For fuller dis- 
cussions on each factor the reader is directed to the same 
section in the previous experiment. The main discussion in 
this*chapter dealt with the effect of recalling the cri- 


terion trial more than once. 


Preliminary Analysis: A decision was made by this 
writer that, on the basis of the alpha levels of 0.05 and 
0.10 reached by the absolute and constant error scores for 
the effect of information load with the conservative test, 


and on the nature of the data, the use of the conventional 
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TABLE 13 


FIVE WAY ANALYSIS OF VARIANCE 


ABSOLUTE ERROR 


Source Sum of Squares df Mean Squares E 
Movements (M) 76616 2 38308 .0 354. 70** 
Recalls (R) 639 3 PAW} 1h 1. Fy, 
MxR 227 6 S159 235) 
Input (1) 11487 i 11487.0 106,..36%% 
Rx I 181 e 60.4 .56 
Mest. 1 5673 2 23302 20.20. * 
Rx Mx I 132 6 2230 oe) 
Replications 1523 4 380.8 3, Set 
Subjects 14494 lil IB L736 eae 
Pooled Error 152639 1401 108.0 
TABLE 14 
FIVE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 
Source Sum of Squares foun Mean Squares F 
Movements (M) 6686 2 3343.0 221.3008 
Recalls (R) U 3 Pye Bes) 
MxR oy 6 Ga .40 
Input (1) 284 ak 284.0 IRS ae B bitty 
REX aL 18 5 6.0 -40 
Mea imams 2 Sele) Sees 
RexeMesce 32 6 533 5 
Replications 62 4 15.6 ce0s 
Subjects 1060 A 96.4 Gesu o> 
Pooled Error 21167 1401 Sea: 


** significant at the 0.01 level 


q es isupe som ib 


WAOY BCE 0, B0£8¢ 
Veil. LsfES 


mh 
oO 
Psi 
eY 
o . 
1 


ek, @, TE a rss | 
WAIE BOL OXSbrt if CORE 

ae, boa 3 ret 
#835 dS ©6885 c Evde, 

Os. 0.85 a REL 
*#52€ B. OBE b ser 
#309, 51 do, SLE! is hODEL 

0, 80 fORL REOSEL 


hi Saar 


SWATIHAV 30 2ickisun YA Avra 
ACD THATS) 


ee 


z BSTEipe fae 36 as1aupe 10 me 


PAVE Los OvEREE oad (M) egiusnuevor 
on 5 ; v (2) eLisoss 
OF. ot: ° TE Ax 

em{s BL 0,38 ae (I) 3 C 
he 0.d $I rs 

= ae | 


toys ie 


TABLE 15 


FOUR WAY ANALYSIS OF VARIANCE 


VARIABLE ERROR 
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Source Sum of Squares df 


Movements (M) 
Recalls (R) 
Wal See 18 
Inpute(1) 
Rox 5 
Mesce 0 1 
Rx Max I Ale 
Subjects lk 
Pooled Error i2 
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** significant at the 0.01 level 
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degrees of freedom was warranted for the primary analysis. 


Information Load: The results obtained for the main 
effect of information load were fully in agreement with the 
first hypothesis that increasing the information load would 


increase decrements in recall performance. 


Input: The results obtained for the main effect of 
method input were in accordance with the second hypothesis. 
Again these results paralleled those of Experiment IV, ex- 
cept that in this case the significant differences due to 
the method of movement input were found for the variable 
error scores at the 0.01 level. The increased variability 
about the constant scores may have been due to fatigue in 
ener ss oecausc Or provongacdOn#OL tne ‘experiment bye tice use 


of 4-recall trials. 


Information Load by Input Interaction: Similar 
results to those of Experiment IV were found regarding the 
movement by input interaction, except for the significant 
difference at the 0.01 level found between input conditions 
for 4 movements with absolute error scores. The consistent 
finding that no differences occurred between 2 and 4 move- 
ments for self-determined input, as measured by absolute 


error, was replicated again. 


Recall Consistency: The results obtained for the 
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94 
main effect of recall were in accordance with the third hy- 
pothesis that no differences would occur between any of the 
4 recall trials. The total time that the Ss were forced to 
maintain and recall the required movements for an information 
load of 8 was approaching 1 minute. It is the opinion of 
this writer that the Ss must have used a stable central 
source of information which would initiate a series of 
responses. Pepper and Herman (1970) hypothesized that the 
movement trace was susceptible to spontaneous decay as well 
as to interference effects that caused changes in response 
bias due to "muscle tension." This maleable trace concept 
of the movement did not seem to be supported by the consis- 
tency of the responses with both forms of input. The over- 
shooting with repeated recalis, found by Stelmach and Bassin 
(1971), was also not found. The inaccuracy of the experi- 
menter-controlled input condition at the Ss movement level, 
as compared to the self-controlled condition, was striking 
in that the recall trials for both input conditions were 
consistent. It was therefore hypothesized that, based on 
the quality of information, a response strategy was selected 
and acted upon. In the experimenter-controlled condition 
the Ss were forced to attend to the peripheral information 
and make a response based on that condition. The inaccuracy 
of that response, compared to the self-controlled input con- 
dition, at high information loads indicated that the infor- 


mation received from the periphery was not of sufficient 
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fidelity or meaningfulness to allow accurate selection of a 
response sequence. The fact that no recall effects occurred 
could be interpreted to mean that a stable response mode 

had been selected. For the experimenter-controlled input 
condition, it could be considered that an accurate response 
was made to an unreliable source of information. It does 
nolL sceny tenable that the o attended “any longer to) cthesar— 


ferent trace once a response had been selected. 
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CHAPTER 5 


SUMMARY AND CONCLUSIONS 


Summary 


The purpose of this series of studies was to deter- 
mine, across a wide variety of experimental tasks, the 
nature of the movement information that was being used in a 
motor STM paradign. Specifically, it was of primary interest 
to infer the relative roles of peripheral movement input and 
centrally stored movement input in making responses that 
varied in information load. The experimental design was a 
treatment by subjects, factorial design with repeated mea- 
SuULes sand. osteplicativons foOnseach Subj ect Ss were: 12 
undergraduate and graduate physical education students 


between the ages of 19 and 26. 


The apparatus consisted of a joystick attached to 
two potentiometers which acted as the axes of movement as 
well as movement transducers. The experimental task was 
for the S to establish a given number of movements under 
different constraints and then reproduce them sometime 


later. 


There were 6 factors of experimental interest: 


i= ele 
~sstsb oj e6w 29ibyt2 to arto “aids to ‘oeoaia Po . 


ent ,exe62 fsdnemixeaxs fo yoixsy, ‘obit 6 seoxoe veaim 

6 mi beer prised esw taAx aokssmiotat jemalom ons to ‘yuiaaes 
tesnetnt yramixg to esw gf +¥ifsoltiosge | snetboneg are zoom 
bas tugat ansmevom L[stenaiieg to aslox ov ijelex orld tetat oy 
tedd esenoqesr patdem nt tuqai tusmevom berese ylisxtnes 


& 26w aptesb Isineminsgqxes sft -.bsol noftsmidini ai belxsv 
re! : 2 i 7 . 
-sem Hotssqex ditw npieeb {sitojos? ,atsetdua ya tnsmtsors 


Si S19w 28 .do9tdve ross to8 anciteoilqet @ bas seme 
atnebute motsisoubs Isoteytiq sisubsip fas sdevbseaprobas 
.dS bas @f to 2eps edt neewsed 


os Dorosiis Adideyot # to betaienoo aussisgqgs siT 

és Snemisvom to esk sit es botos dotdw etosemoisnesog owt 

eéw Asst (stnsmixsgxs sit -ereoubanaat gnawevom a5 Ifew 

‘ebay 2joomovon to isdmgn nevip s deifdesas o9 2 oft rOR 
smitsmoa msi soubotqe1 sons bas ejnkszsénos taszettb 


” ; ref > 7 
; wh : a - i 
:Jéousini Isonemitsqxs 10 ex0jost 0 Siew sxediT -_ ; 


pitas des a ee eee: 


y 


a 


vu 


OF 
information,,load. with, 5 levels, (2,04 «8ned0iandal2 docataons) 
axis of movement with 2 levels (alignment and compensation), 
recall delay with 2. levels (immediate and rest for 20 seconds), 
end point with 2 levels (free and templated end points), 
method of movement input with 2 levels (self-determined and 
experimenter-determined input) and recall consistency with 
2 levels (2 and 4 recalls). All factors were analysed using 
the dependent variables of absolute error, constant error 


and variable error scores. 
The findings of the 5 related studies were as follows: 


In Experiment I, it was found that increase informa- 
tion load caused, decreasedyrecall accuracyewhere thes Ssemove- 
ments were self-determined. The magnitude of these errors, 
however, were not as large at very high information loads as 
those predicted from other research using different input 
modalities. It was believed that the responses were made 
using well-learned movement routines. Further, it was found 
that no decrements in recall occurred after a rest interval 


indicating that.thissinformationssourceqwasestables 


In Experiment II, a reduced information load was 
used and the movement input was experimenter-determined. 
This latter technique caused greater recall decrements than 
had been observed in Experiment I where the input movements 


were self-determined. This decrease in response accuracy 
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98 
was believed to have resulted from directing the Ssrattention 
to peripheral movement-produced stimuli that could not be 
used accurately for later recall. Again, delayed recall was 


as accurate as immediate recall. 


In Experiment III, the accuracy of self-terminated 
movements was compared to that of movements that were ter- 
minated by a physical stop. Overall, it was found that move- 
ments that were self-terminated were more accurate than 
movements that were externally-terminated. This indicated 
tral whentiChesstat tentionMwassdirected to peripheral movement— 


produced information, inaccurate responses resulted. 


In Experiments IV and V, the effect of repeatedly 
recalled responses for self-determined and experimenter- 
determined movements were observed. It was found that self- 
determined movements were recalled more accurately than 
experimenter-determined movements at high information loads, 
Furthermore, it was found that whatever the method of input, 
multiple recalls were very consistent. It was believed that, 
based on whatever the form of input, a response from a very 
stable and accurate source was selected and initiated. The 
fidelity of the source of information and the subsequent res 
ponse accuracy was believed to be high if central information 


waS monitored and low if peripheral information was attended to. 


Conclusions 


Based upon the above results, no definite conclusions 
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could be reached, but the following observations were tenta- 


tively offered: 


In a kinesthetic STM paradigm the performer appeared 
to optimize on the information available to him in order to 
make an appropriate response. Unless specifically constrained, 
recall seemed to be based upon efferent information available 
to the performer, rather than the peripheral kinesthetic 
information that resulted from ovement. This efferent response 
information tended to resist spontaneous decay and could be 


used accurately for multiple recalls. 


Performance decrements increased when the performer 
was constrained to respond with afferent kinesthetic informa- 
tion. It was believed that this information was not suf- 


ficiently organized to allow accurate response selection. 
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TABLE 16 


THREE WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source df Conservative df Mean Squares F 
Movements (M) 4 is 45292 .3 Pa fs: 
Delay (D) it al. 20982 OL 
Mx D 4 al 542.5 208 
Axis (A) i il SEZ Ate: .04 
MxA 4 1 630.9 .04 
DxX%A if i: wil .00 
MxeD x A 4 ik 22129 eOL 
Error 1180 Am. 16285.6 
TABLE 17 
THREE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 

Source df Conservative df Mean Squares F 
Movements (M) 4 al 32691 .0 Des 
Delay (D) dl; 1 Oza: .00 
Mx D 4 il 500.4 .03 
Axis (A) if a 1598923 5 INC) 
MxXA 4 il 29060 sUz 
DXA i 1 44.5 .00 
MxDxA 4 il 457.1 = OE) 
Error 1180 Hore 15284 .9 


xx Significant at the 0.01 level Greenhouse and Geisser 
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TABLE 18 108 


THREE WAY ANALYSIS OF VARIANCE 
VARLABLE ERROR 


Source df Conservative df Mean Squares F 
Movements (M) 4 al HOAs) bate 
Delay (D) il 1 oy Aw) 
MxD 4 ils lala! me 
Axis (A) i: alt 4.8 aa 
MxA 4 ih 23.0 < 
DxA is uf Bei aa 
Mixa x 4 al aise 3} 52 
Error 220 sbi 81.4 


XX Significant at the 0.01 level Greenhouse and Geisser 
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TABLE 19 


MEANS FOR NUMBER OF MOVEMENTS, DELAY INTERVAL 
AND MOVEMENT AXIS FOR ABSOLUTE, CONSTANT 
AND VARIABLE ERROR SCORES 


Recall 

Delay Movements 
2 4 8 10 2 
immediate (X) 76.3 OUD 154.7 20954 204.2 
absolute delay (79.0 £0855 101.3 193.0 246 .0 
error immediate (Y) 68.7 104.7 Wioee 225.0 240.5 
delay (Y) 80.8 100.8 2050 2.825 254.3 
immediate (X) 2.0 dle dh -6.0 -11.7 -10.3 
constant delay  (X) 1.6 -.8 -8.0 -9.9 -12.6 
error immediate (Y) .6 -4.9 -7.4 -12.5 -14.0 
delay (Y) -.5 -3.1 -10.5 -12.0 -12.5 
immediate (X) 5.6 6.9 LS 1053 12.4 
variable delay (X) 8.9 95 9.4 10.6 1020 
error immediate (Y) 4.8 10.2 10.8 eyes} LBS TRS. 
delay (Y) 4.4 6.4 12.4 10.8 Tee) 

alignment 
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TABLE 20 


NEUMAN-KEULS TESTS APPLIED TO DIFFERENCES 
BETWEEN K=5 MEANS FOR NUMBER OF MOVEMENTS FOR 
ABSOLUTE , CONSTANT AND VARIABLE ERROR SCORES 


Movements 
2 4 4 8 10 12 Shortest Significant 
Ranges 
Means We OL REE EE (.01) 
ne 2.8 10.2** 13.6** 16,0%* Wee 610 
10.4 7.4 9.8** 13.2%* ere 1 1 
17.8 | Ge w= 9.7 
21.2 2.4 We=10.1 
CONSTANT ERROR 
Movements 
12 10 8 4 2 Shortest Significant 
Ranges 
eens Pcshes11-5 28.0. 250 9 (.01) 
Sie "8 4.3** 10.3** 13,2** Wed 
Se 3.5%* 9.5** 12.4%* WES iol 
ko 6.0%*  8.9x* w= 23 
2% 2.9 We= 3.4 
VARIABLE ERROR 
Movements 
2 4 g 10 12 Shortest Significant 
Ranges 
Means ek ey ete le “eke: (.01) 
5.9 2.3** 4.5** 5.9%* 6.3%% Wosnt0 
8.2 2.2** 3.6%* 4,0** Wes 
10.4 1.4** 1.9*% We 1.2 
ie 4 ema 


*k significant at the 0.01 level 
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TABLE 21 


TWO WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source df Conservative df Mean Squares F 

Movements (M) 2 dl. 23141.0 G7 
Delay (D) ds a Syifall) OL 
Mex 2 1 Thy, 8) .00 
Error 354 11 6308.8 

TABLE 22 
TWO WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 

Source aft Conservative df Mean Squares F 

Movements (M) 2 il 2274.0 Zaid 
Delay (D) ie il 8.0 -O1 
Mx D D2 iL Mae .00 
Error 354 11 820.4 

TABLE 23 
TWO WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 

Sources af Conservative df Mean Squares F 

Movements (M) 2 i 13,0 3.94 
Delay (D) il al 0.0 .00 
Mx D Zz dk 0.0 .00 
Error 36 all HG) 


xx Significant 


at the 0.01 level Greenhouse and Geisser 
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TABLE 24 


MEANS FOR NUMBER OF MOVEMENTS AND DELAY 
FOR ABSOLUTE, CONSTANT AND VARIABLE ERROR 
WITH VISUALLY GUIDED INPUT 


Recall Delay Movements 
2 4 8 
absolute error immediate 10.2 16ne 29.9 
delay 11.4 eas BO cL 
constant error immediate ed -5.0 -18.7 
delay -.4 -6.3 -18.2 
variable error immediate 7.6 smc £528 
delay 7.8 idee 2033 


TABLE 25 


NEUMAN-KEULS TESTS APPLIED TO DIFFERENCES 
BETWEEN K=3 MEANS FOR NUMBER OF MOVEMENTS FOR 
ABSOLUTE , CONSTANT AND VARIABLE ERROR SCORES 

(EXPERIMENTER CONTROLLED INPUT) 


Movements 
2 4 8 Shortest Significant 
Ranges 
Means Lez 16.7 30.0 (07) 
EOS Beoi PAD Bhd Wo= 4.0 
Lo./ (Ee Res W3= 4.5 
CONSTANT ERROR 
Movements 
8 4 2 Shortest Significant 
Ranges 
Means -18.4 -5.6 at] (.01) 
-18.4 LZoo.* Ie Lk~ Wo= 1.45 
ae 6.1** Wo= 1.65 
VARIABLE ERROR 
Movements 
2 4 8 Shortest Significant 
Ranges 
Means thes) 14.0 ike (30) 
Lied Crone LO Cas Wo= .47 
14.0 4.1** W3= 254 


** significant at the 0.01 level 
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TABLE 26 


TWO WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source df Conservative df Mean Squares F 

Movements (M) 2 ub Bis 550 Zieao 
End Point (E) it uh 3234.0 Atets: 
Msc 2 it 325..0 .08 
Error 294 9 SiS) 3 | 

TABLE 27 
TWO WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 

Source af Conservative df Mean Squares FE 

Movements (M) 2 1 866.0 L932 
End Point (E) Ih 1 8.0 +02 
MxE 2 at 10 Bake) 
Error 294 9 452.1 

TABLE 28 
TwO WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 

Source aft Conservative df Mean Squares F 

Movements (M) 2 il Seu 2.08 
End Point (E) le Al 2.0 ~o3 
MxE 2 ut <0) 20 

Error 54 9 2.4 


xx Significant at the 0.01 level Greenhouse ans Geisser 
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TABLE 29 


MEANS FOR NUMBER OF MOVEMENTS AND TYPE OF END 
POINT FOR ABSOLUTE, CONSTANT AND VARIABLE ERROR 


End Point Movements 
2 4 8 
absolute error free 6.6 OL 17.4 
template LOES 1632 26.6 
constant error free Ae —2.2 -9.2 
template 3.0 -5.0 -13.0 
variable error free ae Fea | 10.9 
template the 1250 14.4 
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TABLE 30 


NEWMAN-KEULS TESTS APPLIED TO DIFFERENCES 
BETWEEN K=3 MEANS FOR NUMBER OF MOVEMENTS FOR 
ABSOUTE , CONSTANT AND VARIABLE ERROR SCORES 


Movements 
2 4 8 Shortest Significant 
Ranges 
Means 8.8 13.8 22.0 (2015 
8.8 4.2 322% * Wo= 4.4 
3 40 9.0** W3= 4.9 
CONSTANT ERROR 
Movements 
8 4 ie Shortest Significant 
Ranges 
Means -11.1 -3.9 Piel (.01) 
=) eh 7.2** ees Wo= 6 
- 3.9 6.0** W3= lee, 
VARIABLE ERROR 
Movements 
2 4 8 Shortest Significant 
Ranges 
Means Seu 939 Seay (.01) 
Sieg 4.2*% 6.0** Wo= .62 
weg 2.8%** W3= HA) 


** significant at the 0.01 level 
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APPENDIX D 


TABLE 31 120 


THREE WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source df Conservative df Mean Squares Yr 


Movements (M) 2 i 37496.0 Seal 
Recalls (R) Ab i 84.0 tol. 
MxR 2 1 143.0 HOZ 
Input (1) at 1 6783.0 69 
Rex oO is 1 5.0 .00 
MxI 2 if 6953.0 Lo/ 
Mos Rix 2 2 if he 0 .O1 
Error 708 11 9859.8 Aloe 
TABLE 32 
THREE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 

Source df Conservative df Mean Squares F 
Movements (M) 2 ik 3764.0 2.97 
Recalls (R) ik Vi Ee) .00 
MxR Y L 6.0 00 
inp (1) 1 if 166.0 Rai 
Rox 1 1 520 00 
MxI 2 a: 1245.0 98 
MxRxI 2 M O80 .00 
Error 708 ial 1268 


xx Significant at the 0.01 level Greenhouse and Geisser 
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TABLE 33 


THREE WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


a a 


ne a a ee en CR 


Movements (M) 2 1 19.58 
Recalls (R) ul i 0.0 
MxR 2 uh 0.0 
Input (I) L 1 ie) 
Res if ab 0.0 
Meek 2 if 4.0 
Mase Reexe 2 it G30 
BEror 132 ald 12.0 


xx Significant at the 0.01 level Greenhouse and Geisser 
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TABLE 34 


MEANS FOR NUMBER OF MOVEMENTS, NUMBER OF 
RECALLS AND TYPE OF INPUT FOR ABSOLUTE, 


CONSTANT AND VARIABLE ERROR 


Input 


self 
controlled 
experimenter 
controlled 


self 
controlled 
experimenter 
controlled 


self 
controlled 
experimenter 
controlled 


Recall 
Sequence 


first 
second 
first 
second 


first 
second 
Larst 
second 


first 
second 
first 
second 


i122 


5 


or at 
ab. 81 
#3, £6 

6 ME 


62. 8- 
Ob, S- 
O8JtS- 
DY ,S8- 


00, OL 
OO ISI 
00,8! 
00. 8f 


ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS 
ABSOLUTE ERROR 


TABLE 35 


Nees 


Source Sum of Squares af Mean Squares i 
Movements (M) 37496 2 18748.0 S39 
M at I. 6581 Z 3290.5 2342 
M at I, 12395 2 6447.5 46 .01** 
impae (1) 6783 i 6783 .0 48 .34** 
iat M., 74 1 74.0 Bee! 
Peat M, 407 ii 407.1 2.90 
be ate Mg 12895 li 12895, 0) SMe es A 
sili tga 6593 2 329040 PE el O kes 
Pooled Error 91219 693 140.3 
TABLE 36 
ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS 
CONSTANT ERROR 
Source Sum of Squares at Mean Squares F 
Movements (M) 3764 2 1882.0 TOOLS 
M at I. 360 2 180.0 De ahec 
M at I 4650 2 2325.0 Be Gin 
Input (1) ¥ 166 1 166.0 8.83%** 
I at M, 80 NI 80.0 4,25* 
it at M, 30 iL 30.0 tehe 
I at Me 130 i 130.0 ae Sees 
im be i 1245 2 G22e5 SO 
Pooled Error 13038 693 Tassos: 


** significant at the 0.01 level 
* significant at the 0.05 level 
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TABLE 37 Laat 


NEWMAN-KEULS TESTS APPLIED TO DIFFERENCES 
BETWEEN K=3 MEANS FOR NUMBER OF MOVEMENTS 


ABSOLUTE ERROR 


Movements (self-controlled) 


Shortest Significant 


2 4 8 Ranges 

Means Uae 10.0 oes (.01) 
1S PAS) PRE 3 Wo= iS) 
L020 Ue eae W3= See) 


P 4 8 Shortest Significant 
Ranges 
Means ore 1328 2029 (Ol) 
Oe 4.6** Ze * Wo= 35 
13 98 Diels W3= Se! 
CONSTANT ERROR 
Movements (self-—controlled) 
8 4 z Shortest Significant 
Ranges 
Means -10.0 -2.3 -.9 (a eh) 
-10.0 Tio 9.1** Wo= 1.29 
- 2.3 1.4 W3= Ls 
Movements (experimenter-controlled) 
8 4 Z Shortest Significant 
Ranges 
Means -20.5 -2.9 eo. (201) 
-20.5 MG) Meee 19 .6%** Wo= de? 
- 2.9 ae) W3= ia) 


** significant at the 0.01 level 


TABLE 37 (cont'd) 


VARIABLE ERROR 


Movements (self-—controlled) 


2 8 4 Shortest Significant 
Ranges 
Means 6.0 a0 V5 Aw) 
6.0 Silke Deo W5= .7 
11.0 5 Wee 7 


» 4 8 Shortest Significant 
Ranges 
Means Gru La 30 ie (G) (501) 
6.0 5.0** 12,0** Wo= a) 
a EL. dial ORR W3= el. 


** significant at the 0.01 level 
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TABLE 38 


THREE WAY ANALYSIS OF VARIANCE 
ABSOLUTE ERROR 


Source df Conservative df Mean Squares F 
Movements (M) 2 1 76616 .0 5.00% 
Recalls (R) 3 it 639.0 .04 
MxR 6 i Pe oe) 02 
Input (I) is x 11486 .0 UKs: 
Rex 5 Ss 1 181.0 02 
Mesh 2 i 5672.0 eh 
exe MoE 6 As 53220 Ol 
Error 1416 al! 1533260 
TABLE 39 
THREE WAY ANALYSIS OF VARIANCE 
CONSTANT ERROR 
Source at Conservative df Mean Squares F 
Movements (M) 2 1 6686.0 So29 
Recalls (R) ee it 70.0 .00 
MxR 6 2b 37.0 02 
Input (1) u 1 284.0 14 
Reo 3 uF 18.0 Ol 
Mx 5 2 1 Ze 55 
ap an ae 6 ak 32.0 we 
Error 1416 ala 2060.0 


x significant at the 0.05 level Greenhouse and Geisser 
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TABLE 40 


THREE WAY ANALYSIS OF VARIANCE 
VARIABLE ERROR 


source df Conservative df Mean Squares 


Movements (M) 
Recalls (R) 
MxR 

Imnpuc. (1) 
Resor 

Misc 

Re ex 
Error 
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xx significant at the 0.01 level Greenhouse and Geisser 
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TABLE 41 


MEANS FOR NUMBER OF MOVEMENTS, NUMBER OF 
RECALLS AND TYPE OF INPUT FOR ABSOLUIE, 


CONSTANT AND VARIABLE ERROR 


Input Sequence Movements 
2 4 8 
first ict: ope Tot 
self second Tie! 9.4 Loran 
controlled third Tits) 10.9 2052 
absolute fourth S.2 10.4 20 
error first 8.4 1.7 Phe Bails 
experimenter second oe 14.4 SP ABH! 
controlled third ANG ely 15.5 30.4 
fourth ee i435 cubes) 
fest -1.4 -2.5 -10.4 
self second -0.7 -1.6 -9.9 
controlled pelguleao! -0.8 -2.1 -10.4 
constant fourth -0.5 -2.9 -9.4 
error first 0.1 -1.5 -19.1 
experimenter second igs) =3.9 -21.9 
controlled cena 6| 229 -4.0 -21.0 
fourth PNAS) -2.3 ~20.0 
first 4.0 8.0 1340 
self second a) 0) 6.0 13.0 
controlled third 6.0 eRe) 12.0 
variable Toure Gao 8.0 a360 
error Pest 8.0 3.0 20.0 
experimenter second 10 1.07.0 13.0 
controlled third 720 14.0 172.0 
fourth Gh39) 10.0 7G 
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TABLE 42 


ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS 
ABSOLUTE ERROR 


Source Sum of Squares be Mean Squares 1g 
Movements (M) 76616 2 38308.0 351.40** 
M at I, 20308 2 10154 .0 93.16** 
M at IC 61981 2 30990.5 284.31** 
Input (I) 11487 7 11487.0 106 .36** 
Eat M 361 1 361.0 a2 
7 at Mm 2032 iL 2032.0 18.64** 
I at M; 14765 it 14765.0 135.46** 
eer 5673 2 2836.5 26 .02** 
Pooled Error 152639 1401 109.0 
TABLE 43: 


ANALYSIS OF VARIANCE FOR SIMPLE MAIN EFFECTS 
CONSTANT ERROR 


Source Sum of Squares enim Mean Squares EF 
Movements (M) 6686 2 3343.0 221,.39%* 
Mat I, 1162 2 561.0 Sh .47 *% 
M at 6633 2 Ss16e0 FAVS) 6 3 
Input (I) 284 1 284.0 Viele hated 
eat M., 85 ih 85.0 oOo 
T at M, 4 a 4.0 27 
IatM des yibih ub i220 86.627" 
mMxI & 1113 2 566.3 37.50** 
Pooled Error 21167 1401 Bayt 


**k significant at the 0.01 level 
* significant at the 0.05 level 
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TABLE 44 


NEWMAN-KEULS TESTS APPLIED TO DIFFERENCES 
BETWEEN K=3 MEANS FOR NUMBER OF MOVEMENTS 


ABSOLUTE ERROR 


Movements (self-controlled) 


2 4 8 Shortest Significant 
Ranges 
Means 7.9 eet 18.8 GOL) 
U2 4.2 10.4** Weasoe2 
7 6.2** WS ae. 
Movements (experimenter-controlled) 
2 & 8 Shortest Significant 
Ranges 
Means 920 14.8 33.0 (02) 
9.0 5 .8** 24 .0** ee Sa 
14.8 18.2** Wee 380 
CONSTANT ERROR 
Movements (self-controlled) 
8 4 2 Shortest Significant 
Ranges 
Means -8.5 -3.9 -.7 CO) 
-8.5 4.6** dels Wo= 2.2 
-3.9 3.2** W3= 255 
Movements (experimenter-controlled) 
8 4 2 Shortest Significant 
Ranges 
Means -23.3 -1.8 229 GoD 
-23.3 Zion 26.2** Wo= Que 
4.8 4.7%** W3= oe 
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** significant at the 0.01 level 
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TABLE 44 (cont'd) 


VARIABLE ERROR 


Movements (self-controlled) 


2 8 4 Shortest Significant 
Ranges 
Means 523 Sis Phesil (304) 
Ses. Bec T.ar* Wo= .4 
8.3 4 aes es 8 
Movements (experimenter-controlled) 
2 4 8 Shortest Significant 
Ranges 
Means eS) 1035 18.0 (OU) 
(Fe Been LOs7** Ne 4 
HDS: Thee W3= iS 


** significant at the 0.01 level 
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TABLE 45 


CALIBRATION SCORES FOR ALL SUBJECTS OVER ALL EXPERIMENTS 


Experiments 
a 2 4 4 5 
Subjects 
1 144 142 143 130 143 
2 120 136 142 143 142 
5 142 143 143 144 142 
4 144 142 142 142 139 
5 142 142 142 143 141 
6 141 142 142 143 142 
7 143 141 142 142 144 
8 (NST) 140 142 142 143 
Y) 143 142 144 143 143 
10 141 143 142 143 141 
io 141 141 142 143 142 
12 142 140 144 140 139 
TABLE 46 
TWO WAY ANALYSIS OF VARIANCE 
CALIBRATION 
Source Sum of Squares at Mean Squares F 
Subjects (S) 178 aie 16.2 NSH 
Experiments (E) 48 4 MS) Ti 1S) 
Error 442 44 


* significant at the 0.05 level 
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